'.-   <   '  ''';.X' •. 


" I  give  thefe  Books 
\  for  the  founding  of  e  College  in  this  Colony" 


•  YALE-^MWEKSinnr' 

■  OIBIRJL1K7  • 


J^WW>kVWi«>^MAJvV.i^aM^MWW»t.^^v 


Gift  of 
190H 


TRANSFERRED   TO 
YALE  MEDICAL   LIBRARY 


Arthur  Mathewson,  ' 

139  MONTAGU : 
BROOKI 


/7Y^^^  £<y7&i        <u. 


Digitized  by  the  Internet  Archive 

in  2012  with  funding  from 

Open  Knowledge  Commons  and  Yale  University,  Cushing/Whitney  Medical  Library 


http://www.archive.org/details/clinicalmanualofOOroos 


DISEASES  OF  THE  EYE 


Arthur  Mathewson, 

139  MONTA!  ' 
BROQKI 


CLINICAL    MANUAL 


OF 


DISEASES  OF  THE  EYE 


INCLUDING    A 


SKETCH   OF   ITS  ANATOMY 


BY 

D.  B.  St.  JOHN   ROOSA,  M.D.,  LL.D. 

Professor  of  Diseases  of  the  Eye  and  Ear  in  the  New  York  Post-Graduate  Medical  School  and  Hospital ; 

Surgeon  to  the  Manhattan  Eye  and  Ear  Hospital  ;  formerly  Professor  of  Diseases  of  the  Eye  in 

the  University  of  the  City  of  New  York,  and  in  the  University  of  Vermont;  Consulting 

Surgeon  to  the  Brooklyn  Eye  and  Ear  Hospital ;  President  of  the  New  York 

Academy  of  Medicine  ;   Honorary  Member  of  the  Medico-Chirurgical 

Society  of  Edinburgh  ;  Honorary  Fellow  of  the  Academy  of 

Medicine  of  Havana,  Cuba,  etc.,  etc. 


Illustrated  by  One  Hundred  and  Seventy-Eight  Engravings  and 
Two  Chromo-Lithographig  Plates. 


NEW   YORK 

WILLIAM    WOOD   &   COMPANY 

1894 


Copyrighted,  1894, 
By   WILLIAM    WOOD    &    COMPANY 


89^-  R 


ELECTROTYPED    AND    PRINTED    BY 

THE    PUBLISHERS'    PRINTING   COMPANY 

132-136   WEST    14TH   STREET 

NEW    YOR^ 


MY    COLLEAGUES 

IN   THE 

MANHATTAN    EYE   AND   EAR   HOSPITAL, 

THIS    VOLUME    IS 

RESPECTFULLY    AND   AFFECTIONATELY    DEDICATED. 


PREFACE. 


This  book  has  not  been  written  because  the  author  supposed, 
for  an  instant,  that  there  were  not  already  in  the  English 
tongue  many  excellent  treatises  on  diseases  of  the  eye.  It  is 
presented  to  the  profession  because  I  have  not  deemed  that  the 
debt  I  owe  to  it  could  be  even  approximately  satisfied,  nor  my 
own  reputation  as  a  teacher,  whatever  that  may  be,  justly  set- 
tled, unless  I  presented  in  a  permanent  and  accessible  form 
some  of  the  results,  with  their  personal  coloring,  of  my  long 
experience  both  in  hospital  and  private  practice,  in  ophthalmic 
disease  and  therapeutics. 

To  prepare  a  cyclopedic  text-book  of  ophthalmology  has  not 
been  my  aim.  The  reader  will  not  find  in  these  pages  a  notice 
of  all  that  has  been  described  or  suggested  by  the  numerous 
writers  upon  diseases  of  the  eye,  but  I  trust  that  the  book  will 
be  found  a  complete  and  safe  guide  to  the  practitioner.  In 
many  of  the  subdivisions  of  ophthalmology,  it  would  be  almost 
impossible  for  any  writer  to  say  anything  novel  or  original. 
The  labors  of  renowned  men,  some  of  them  happily  still  living, 
have  settled  certain  points  forever;  but  there  are  still  depart- 
ments of  ophthalmic  science  and  art,  in  which  many  things  are 
under  discussion  and  concerning  which  widely  differing  views 
are  held,  especially  in  the  United  States.  For  my  views  on  these 
subjects,  which  are  chiefly  to  be  found  in  the  fourth  part  of  this 
work,  I  invite  an  impartial  hearing.  Those  which  are  true  will 
form  a  part  of  an  indestructible  structure  that  is  still,  as  it  has 
been  for  centuries,  in  process  of  erection ;  those  theories  which 
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prove  to  be  false  will  speedily  be  rejected,  as  not  fit  for  the 
builder's  use. 

For  the  preparation  of  the  anatomical  sketch  of  the  various 
parts  of  the  eye,  I  am  indebted  to  the  intelligent  and  painstak- 
ing labor  of  Dr.  A.  E.  Davis.  The  original  drawings  in  this 
part  were  made  under  his  supervision  by  Dr.  H.  S.  Potter.  I 
have  also  received  valuable  assistance  in  various  parts  of  the 
work  from  my  associates  in  private  and  hospital  practice,  Dr. 
J.  B.  Emerson  and  Dr.  Frank  N.  Lewis.  The  Glossary,  which 
has  been  considered  valuable  by  those  using  the  Ophthalmic  and 
Otic  Memoranda,  published  by  the  late  Dr.  Edward  T.  Ely  and 
myself,  has  been  enlarged  for  this  work,  also  by  Dr.  Davis. 

The  opticians,  Messrs.  Georgen  and  Hahn  and  Mr.  E.  B. 
Meyrowitz,  have  furnished  me  with  many  electrotypes  of  in- 
struments for  examining  the  eye.  The  other  illustrations  of 
instruments  are  chiefly  from  the  excellent  catalogue  of  the 
house  of  Liier,  in  Paris.  Two  of  the  chromo-lithographic  draw- 
ings were  made  from  nature  by  Miss  Elkins. 

D.  B.  St.  John  Roosa. 
New  York,  September,  1894. 
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PART  I. 

SKETCH  OF  THE  ANATOMY  AND  PHYSIOLOGY  OF 

THE  VARIOUS  PARTS  OF  THE  EYE 

AND  ITS  APPENDAGES. 


CHAPTER  I. 
ANATOMY  OF  THE   APPENDAGES   OF  THE   EYE. 

Eyebrows. —  Eyelids.  — Muscles.  — Tarsal  Cartilages.  — Cilia. — Blood-Vessels. — 
Lachrymal  Apparatus.  — Muscles  of  the  Eyeball. 

EYEBROWS. 
(Superdlia,  above  the  lashes. ) 

The  eyebrows  are  two  thickened  ridges  of  integument  arched 
above  the  upper  border  of  the  orbits.  They  are  connected  to 
the  underlying  muscles,  corrugator  supercilii,  orbicularis  pal- 
pebrarum, and  occipito-frontalis,  by  rather  short  and  firm  con- 
nective-tissue fibres.  Short  hairs,  slanting  outward,  cover  the 
brows  from  near  the  median  line  to  the  outer  extremity  of  the 
superciliary  ridge.  By  the  action  of  the  underlying  muscles, 
the  brows  can  be  pulled  downward  and  slightly  inward,  and  in 
this  way  made  to  protect  the  eyes,  and  to  limit  in  a  slight 
measure,  the  amount  of  light  entering  them. 

The  corrugator  supercilii  is  the  chief  muscle  in  moving  the 
eyebrows  downward  and  inward.  It  arises  from  the  inner  ex- 
tremity of  the  superciliary  ridge  on  the  frontal  bone,  passes 
outward  and  upward,  to  be  inserted  into  the  under  surface  of 
the  upper  portion  of  the  orbicularis  palpebrarum,  opposite  the 
middle  of  the  orbital  arch.  It  also  sends  a  few  fibres  of  inser- 
tion to  the  occipito-frontalis  near  this  point. 

Function. — The  function  of  this  muscle  is  to  pull  the  eye- 
brows downward  and  inward.  It  is  innervated  by  branches 
from  the  facial  or  seventh  nerve  and  from  the  first  division  of 
the  fifth  nerve. 

EYELIDS. 

{Palpebral,  eyelids.) 

The  eyelids,  upper  and  lower,  are  two  movable  curtains  or 
folds  which  cover  the  entrance  to  the  orbit  and  protect  the  eye- 
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ball.  The  under  or  posterior  surfaces  of  the  lids  are  kept  in 
contact  with  the  eyeball,  by  the  action  of  the  muscles  and  by 
atmospheric  pressure.  The  upper  lid  is  larger  and  more  mov- 
able than  the  lower  one,  having  a  special  muscle,  levator  pal- 
pebral superioris,  to  lift  it.  The  lids  have  two  borders  or  mar- 
gins, one  attached  and  one  free ;  two  surfaces,  anterior  and  pos- 
terior ;  two  extremities,  outer  and  inner.  The  attached  or  orbital 
margin  of  the  lids  is  convex  and  very  thin,  gradually  shading 
off  into  the  tarso-orbital  fascia  which  connects  the  lids  to  the 
margins  of  the  orbit. 

The  free  margins  of  the  lids  are  about  one  line  in  thickness ; 
they  have  two  lips,  an  inner  sharp  lip  and  an  outer  rounded  lip. 
The  outer  rounded  lip  is  pierced  by  two  or  three  rows  of  hairs, 
the  cilia  (c  c,  Fig.  1).  Just  in  front  of  the  inner  lip,  the  mouths 
of  the  Meibomian  glands  open  (m,  Fig.  1).  On  the  inner  lip  of 
both  upper  and  lower  lids,  about  2^  lines  from  the  inner  canthus, 
is  a  small  elevation — lachrymal  papilla.  At  the  summit  of 
each  of  these  papillae  is  a  small  opening,  punctum  lachrymale 
(p,  Fig.  3),  which  is  the  beginning  of  the  canaliculus  leading 
into  the  lachrymal  sac. 

The  anterior  or  outer  surface  of  the  lids  is  convex  and  formed 
of  a  very  thin  skin,  while  the  posterior  or  inner  surface  is  con- 
cave and  formed  of  conjunctiva.  The  outer  extremity  of  the 
lids  is  sharp,  while  the  inner  extremity  is  rounded  off.  The 
space  left  between  the  free  margins  of  the  lids  when  the  eyes 
are  open  is  called  the  palpebral  fissure.  At  the  outer  extremity  of 
this  fissure,  the  free  borders  of  the  lids  meet  at  an  acute  angle 
to  form  the  outer  canthus ;  at  the  inner  extremity  the  angle  be- 
tween the  free  borders  is  somewhat  rounded  out — inner  canthus 
(zav'/^,  angle  of  the  eye). 

The  lids  are  composed  of  skin,  areolar  tissue,  muscle,  fibrous 
tissue  (so-called  cartilages),  conjunctiva,  glands,  nerves,  blood- 
vessels and  lymphatics. 

The  integument  covering  the  lid  and  forming  its  external 
layer  is  very  thin  and  quite  lax.  This  latter  feature  is  owing 
to  its  loose  connection  with  the  underlying  tissue.  At  the  free 
margin  of  the  lid,  however,  it  is  firmly  attached  and  is  here 
continuous  with  the  conjunctiva.  A  few  very  fine  hairs  (h  h, 
Fig.  1)  which  have  their  roots  in  areolar  tissue  beneath,  stud  this. 
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The  mouths  of  a  few  sweat  glands  also  open  on  its  surface.  The! 
glands  themselves  (s,  Fig.  1)  are  situated,  as  were  the  hair] 
bulbs,  in  the  underlying  cellular  tissue. 

The  areolar  tissue  is  a   very  long-fibred  connective  tissiu 
which  joins  the  integument  of  the  lid  to  the  underlying  struc 


Fig.  1. — Vertical  Section  Throi-gh  the  Upper  Lid.  Enlarged  0  times.  (H.  S.  Potter  del.)  The 
outer  surface  of  the  lid,  the  skin,  is  studded  with  fine  hairs  /(  h  ;  imbedded  init  are  sweat-glands,  s, 
modified  sweat-glands,  y,  Zeiss's  glands,  z,  at  the  bases  of  the  cilia,  c  c.  Beneath  the  skin  and  between 
it  and  the  cartilage  of  the  lid  are  seen  the  ends  of  the  transversely  divided  bundles  of  fibres  of  the  or- 
bicularis muscle;  two  of  these  bundles,  rr,  near  the  free  margin,  are  Riolani's  muscle.  In  the  car- 
tilage are  imbedded  the  Meibomian  glands,  i,  the  orifices  of  which  open  on  the  free  border  of  the  lid 
just  in  front  of  its  posterior  sharp  edge;  higher  up  in  the  cartilage  are  Waldeyer's  glands,  u;  above, 
on  the  cartilage,  is  the  superior  tarsal  arch,  a;  below,  the  inferior  tarsal  arch,  a'.  The  inner  sur- 
face of  the  lid,  conjunctiva,  is  of  an  adenoid  character  at  the  upper  part;  over  the  tarsus,  it  is 
papillary  in  nature. 


tures.     It  differs  from  ordinary  areolar  tissue,  in  having  no  fat 

follicles  in  it.     Hair  follicles  and  sweat  glands  are  imbedded  in  it. 

Muscles. — The   muscles  entering  into  the  structure  of  the 
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lids  are:  Orbicularis  palpebrarum,  palpebral  portion ;  musculus 
ciliaris  Riolani;  tensor  tarsi  (Horner's  muscle,  Horner,  Phila- 
delpia,  nineteenth  century) ;  levator  palpebral  superioris,  apo- 
neurosis of;  musculus  palpebralis,  superior  and  inferior.  The 
last-named  muscles,  musculi  palpebrales,  are  organic,  involun- 
tary muscles,  while  the  others  are  inorganic  and  voluntary. 

The  orbicularis  palpebrarum,  the  palpebral  portion  of  which 
only  enters  into  the  formation  of  the  lids,  is  a  thin,  broad,  cir- 
cular muscle  lying  just  beneath  the  integument.  The  orbicular 
portion,  or  that  portion  that  surrounds  the  orbit,  arises  in  part 
from  the  internal  angular  processes  of  the  frontal  bone,  in  part 
from  the  nasal  process  of  the  superior  maxillary  bone,  and  in 
part  from  the  outer  surface  of  the  inner  half  of  the  tendo-palpe- 
brarum — a  short,  bifurcated  tendon  extending  from  the  nasal 
process  of  the  superior  maxillary  bone  to  the  inner  extremities 
of  the  cartilages.  From  this  origin,  the  fibres,  which  are  coarse 
and  of  a  decided  red  color,  extend  in  arches  over  the  upper  and 
lower  margins  of  the  orbits,  meet  at  the  external  margin,  join 
and  form  complete  ellipses.  In  this  way,  a  thin,  flat  muscle  is 
formed,  which  surrounds  the  entire  orbit  and  at  the  external 
margin  extends  for  a  short  distance  on  to  the  temple.  The  or- 
bicularis is  firmly  attached  above  to  the  occipito-frontalis.  The 
tendon  of  the  corrugator  supercilii  is  inserted  into  its  under 
surface.  Below  and  externally,  it  is  not  so  closely  attached 
to  the  underlying  tissue.  The  palpebral  portion  of  the  orbicu- 
laris arises  in  part  from  tne  outer  bifurcated  part  of  the  tendo- 
palpebrarum,  and  in  part  (Horner's  muscle)  from  the  crest  of 
the  lachrymal  bone,  and  its  adjoining  orbital  surface,  and  some- 
times partially  from  the  aponeurosis  closing  the  lachrymal 
groove.  From  this  origin,  the  fibres  from  the  bifurcated  por- 
tion of  the  tendo-palpebrarum  extend  outward,  over  the  tarsal 
cartilages  and  tarso-orbital  fascia,  to  meet  at  the  external  com- 
missure along  a  raised  line  {raphe)  which  extends  horizontally  out- 
ward from  the  external  canthus,  the  fibres  not  joining  to  form 
complete  ellipses,  as  did  the  fibres  forming  the  orbital  portion  of 
the  muscle.  The  fibres  are  very  thin  and  pale  as  compared  with 
those  of  the  orbital  portion.  Those  near  the  free  borders  of  the 
lid  (from  their  minute  description  by  Eiolanus  have  been  called 
musculus  ciliaris  Riolani)  extend  in  almost  straight  lines  along 
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the  cartilage  to  meet  at  an  acute  angle  at  the  outer  commissure, 
while  those  situated  further  away  from  the  free  border  form 
arches,  which  are  more  curved  as  they  recede  from  the  free 
border.  At  the  external  commissure  where  they  meet  along  the 
cellular  raphe,  they  are  closely  bound  down  to  the  underlying 
fascia. 

Horner's  muscle,  the  tensor  tarsi,  is  that  part  of  the  pal- 
pebral portion  of  the  orbicular  muscle  which  arises  from  the 
crest  of  the  lachrymal  bone  and  its  adjoining  orbital  surface. 
From  that  origin  it  extends  outward  and  divides  into  two  slips, 
an  upper  and  a  lower,  just  in  front  of  the  lachrymal  sac.  From 
the  point  of  bifurcation,  the  slips  extend  outward  along  the  outer 
■surface  of  the  canaliculi,  one  joining  to  the  inner  extremity  of  the 
upper  lid,  and  the  other  to  the  inner  extremity  of  the  lower  lid,  to 
be  inserted  into  the  free  border  of  the  cartilages  near  the  lachry- 
mal papillae.  Some  of  the  fibres,  before  they  are  inserted,  en- 
circle the  lachrymal  puncta,  while  others  in  conjunction  with  a 
few  of  the  pale  fibres  of  the  palpebral  portion  of  the  orbicularis, 
are  said  to  extend  across  the  cartilages  near  their  free  borders  to 
their  outer  extremities,  situated  partly  in  front  and  partly  be- 
hind the  ducts  leading  from  the  Meibomian  glands,  and  are 
known  as  the  muscle  of  Riolanus. 

The  levator  palpebrce  superioris  arises  about  one  line  from 
the  upper  margin  of  the  optic  foramen,  just  above  the  origin  of 
the  superior  rectus  muscle.  It  is  a  thin,  flat,  ribbon-like  muscle 
which  passes  forward  just  beneath  the  roof  of  the  orbit  to  be 
inserted  into  the  orbital  margin  and  anterior  surface  of  the 
upper  lid  by  a  broad  fan-shaped  aponeurosis,  which  extends 
from  one  extremity  of  the  tarsus  to  the  other. 

The  musculus  palpebralis  Superior,  or  superior  palpebral 
muscle  (Muller),  is  an  organic,  involuntary  muscle.  Its  fibres 
arise  from  between  the  fibres  of  the  inorganic  voluntary  muscle, 
levator  palpebrae  superioris,  just  before  the  fibres  of  that  muscle 
terminate  in  the  broad,  fan-shaped  aponeurosis  that  connects  it 
to  the  upper  margin  of  the  upper  lid.  From  this  origin,  the 
fibres  pass  downward  between  the  broad  aponeurosis  of  the  leva- 
tor superioris  and  the  conjunctiva,  to  be  inserted  into  the  under 
surface  of  the  upper  margin  of  the  upper  tarsal  cartilage,  the 
attachment   extending    from   one  extremitv  of   the  lid   to  the 
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other.  There  is  a  similar  muscle  in  the  lower  lid,  which  arises 
from  the  orbital  connective  tissue.  These  muscles  act  in  the 
vertical  direction  only,  and  are  supposed  to  perfectly  join  the 
free  borders  of  the  lids  when  the  eyes  are  closed. 

The  function  of  the  orbicularis  muscle  is  to  close  the  eyelids. 
Horner's  muscle,  a  part  of  the  palpebral  portion  of  the  orbicu- 
laris, from  its  position  directly  over  the  lachrymal  sac  and  canali- 
culi,  pulls  the  upper  walls  of  these  structures  upward  when  it 
acts,  perhaps  producing  a  partial  vacuum  in  the  lachrymal 
sac,  which  causes  the  tears  to  be  sucked  into  the  canaliculi  and 
sac  along  with  the  incoming  air.  This  muscle  is  supposed  to 
in  this  way  aid  materially  in  the  drainage  of  the  eye.  It  is 
questionable,  however,  if  the  vacuum -forming  power  of  Hor- 
ner's muscle,  has  a  great  deal  to  do  with  the  drainage  of  the  eye ; 
the  capillary  action  of  the  puncta  and  canaliculi,  together  with 
the  action  of  the  muscles  of  Eiolani,  Miiller,  and  the  orbicularis, 
performing  this  function  in  the  main.  The  function  of  the  leva- 
tor palpebrse  superioris,  as  its  name  indicates,  is  to  elevate  the 
upper  lids.  It  is  a  direct  antagonist  of  the  orbicularis  palpe- 
brarum. 

The  orbicularis  and  Horner's  muscle  are  innervated  by  the 
seventh  nerve,  the  facial,  the  levator  superioris  by  the  third 
nerve,  and  the  palpebral  muscles  of  Miiller,  by  the  sympathetic. 

The  tarsal  cartilages  are  not  genuine  cartilages,  the  name 
being  an  incorrect  one.  They  are  simply  thin  plates  of  dense, 
fibrous  connective  tissue,  the  upper  one  larger  and  crescentic  in 
shape,  the  lower  one  smaller  and  elliptical.  The  upper  one 
measures  at  its  broadest  part  about  9^  lines  in  height,  while 
the  lower  one  at  its  broadest  part  measures  only  6  lines.  From 
their  broadest  part  both  cartilages  taper  gradually  toward  their 
extremities,  coming  to  a  sharp  point  externally,  but  are  rounded 
off  at  the  internal  extremity.  The  orbital  or  attached  margins  of 
these  plates  of  fibrous  tissue  are  convex  and  very  thin,  passing 
gradually  into  the  tarso-orbital  fascia,  which  connects  them  to 
the  margin  of  the  orbit.  The  free  margins  are  thicker  and  per- 
fectly straight.  When  the  lids  are  closed,  the  so-called  tarsal 
cartilages  and  the  tarso-orbital  fascia  connecting  them  to  the 
margins  of  the  orbit,  form  a  complete  fibrous  covering  for  the 
eyes.     The  outer  and  inner  end  of  each  cartilage  is  connected  to 
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the  margins  of  the  orbit,  by  special  ligaments — the  outer  and 
inner  canthal  ligaments.  The  outer  canthal  ligament  is  simply 
a  thickening  into  a  narrow  band  or  ligament,  of  that  portion  of 
the  tarso-orbital  fascia  which  extends  from  the  outer  extremity 
of  the  tarsal  cartilage  to  the  temporal  margin  of  the  orbit.  The 
inner  canthal  ligament,  tendo  palpebrarum,  is  a  short  tendon  at 
the  inner  angle  of  the  eye.  It  has  its  origin  from  the  nasal 
process  of  the  superior  maxillary  bone  just  in  front  of  the  lach- 
rymal groove,  on  a  level  with  the  lachrymal  sac.  Extending 
outward,  it  bifurcates  just  in  front  of  the  lachrymal  sac,  send- 
ing a  branch  to  the  inner  extremity  of  each  tarsal  cartilage. 
Just  at  its  bifurcation  and  from  its  posterior  surface,  it  also 
gives  off  an  aponeurosis  which  surrounds  the  lachrymal  sac  and 
is  attached  to  the  crest  of  the  lachrymal  bone. 

The  Meibomian  glands  (Meibomius,  seventeenth  century)  are 
a  variety  of  acinous  glands  imbedded  in  the  cartilages  of  the 
lids,  except  near  the  free  margins  where  they  lie  between  the 
cartilages  and  the  conjunctiva.  There  are  thirty  to  thirty-five  in 
the  upper  lid  and  they  are  somewhat  longer  than  in  the  lower  lid. 
where  there  are  twenty  to  thirty  in  number.  The  Meibomian 
glands  consist  of  small  tubes  lying  parallel  to  one  another,  ex- 
tending from  blind  extremities  near  the  orbital  borders  of  the 
cartilages  to  the  free  borders  of  the  lids,  their  orifices  opening 
in  the  free  border  just  in  front  of  the  inner  lip  (m,  Fig.  1). 
These  tubes  have  secondary  follicles  or  acini  emptying  into 
them.  The  walls  of  the  tubes  consist  of  basement  membrane 
lined  with  scaly  epithelium ;  the  secondary  acini  are  lined  with 
polyhedral  cells,  the  centre  of  the  follicles  also  being  filled  with 
polyhedral  cells  which  contain  fat.  It  is  by  the  breaking  down 
of  these  cells  that  the  sebaceous  secretion  is  furnished. 

EYELASHES. 

(Cilia.) 

The  eyelashes,  or  cilia,  are  two  or  three  rows  of  short  thick 
hairs  protruding  from  the  outer  rounded  lip  of  the  free  margin 
of  the  lids  (c  c.  Fig.  1).  Those  on  the  upper  lid  are  longer  than 
those  on  the  lower  and  curve  upward,  while  those  on  the  lower 
lid  curve  downward.     The  roots  of  the  cilia  lie  in  the  connective 


10  ANATOMY   AND    PHYSIOLOGY. 

tissue  between  the  orbicularis  muscle  and  the  cartilage  of  the 
lid  about  1-2  lines  from  the  free  border.  At  the  root  of  each 
cilium  a  modified  sebaceous  (z,  Fig.  1)  gland  opens  whose  con- 
tents serve  to  lubricate  each  cilium. 

Blood -Vessels. — The  arteries  of  the  lids  are  chiefly  fur- 
nished by  the  ophthalmic  artery.  The  two  largest  branches  run 
along  near  the  margins  of  the  lids  on  the  anterior  surface  of  the 
tarsal  cartilages,  forming  two  arterial  arches,  superior  and  in- 
ferior (a  a,  Fig.  1).  From  these  arterial  arches  the  skin,  areolar 
tissue,  muscles,  fibrous  tissue,  and  conjunctiva  are  supplied  with 
blood.  Free  anastomoses  take  place  in  the  lids  between  the 
branches  from  the  ophthalmic  artery  and  angular,  anterior  tem- 
poral, and  facial  arteries.  The  veins  from  the  lids  empty  into 
the  temporal  and  facial  veins. 

Nerves. — The  trifacial  (fifth)  supplies  the  integument  and 
conjunctiva  of  the  lids;  the  third,  or  oculo-motor,  the  levator 
palpebrae;  the  facial  supplies  the  orbicularis,  Horner's  mus- 
cle, and  musculus  ciliaris  Riolani.  The  sympathetic  supplies 
the  musculi  palpebrales. 

Lymphatics. — The  lymphatics  of  the  eyelids  are  numer- 
ous, the  conjunctiva  being  well  supplied.  They  empty  into  the 
facial  and  submaxillary  glands. 

Physiology. — The  chief  function  of  the  eyelids  is  to  protect 
the  eyeballs ;  they  also  help  to  maintain  the  eyeballs  in  position. 
Their  frequent  movements  keep  the  conjunctival  secretion  well 
distributed  over  the  front  of  the  eye,  thoroughly  moistening  the 
cornea,  and  prevent  erosion  of  its  epithelium. 

ANATOMY   OF  THE   LACHRYMAL  APPARATUS. 

The  lachrymal  apparatus  consists  of  two  portions:  a  secret- 
ing— the  conjunctiva  and  lachrymal  gland;  and  a  conducting — 
the  lachrymal  canals,  the  lachrymal  sac,  and  the  nasal  duct. 

Secreting  Portion. — The  conjunctiva  will  be  described  in 
the  section  on  the  conjunctiva. 

The  lachrymal  gland  is  divided  into  two  portions:  an  upper, 
the  larger,  part  and  a  lower,  the  accessory.  The  upper  main 
portion,  comprising  the  larger  part  of  the  gland,  is  almost 
almond-shaped,  its  longest  diameter,  which  is  the  transverse, 
measuring  about  7  lines.     Its  weight  is  about  11  grains.     This 


LACHRYMAL   APPARATUS. 


11 


portion  of  the  gland  is  situated  in  a  fossa  in  the  roof  of  the 
orbit  at  its  upper  outer  angle,  and  is  held  in  position  by  the 
tarso-orbital  fascia.  The  upper  surface  comes  in  contact  with 
the  periosteum  of  the  orbit,  the  under  surface  with  the  external 
and  superior  recti  muscles. 

The  lower  accessory  portion  of  the  gland  is  divided  from  the 


Fig.  '2  — The  Two  Portions  of  the  Lachrymal  Glands.  (After  Sappey.)  1,  Levator  palpe- 
brarum muscle  ;  2,  superior  rectus  ;  3,  external  rectus  ;  4,  inferior  rectus  :  5,  inferior  oblique  ;  6, 
orbital  portion  of  the  lachrymal  gland  ;  7,  palpebral  portion  traversed  by  four  passages  from  the 
orbital  portion  ;  8,  accessory  passages  ;  9,  another  passage  occasionally  present. 

main  portion  by  a  fibrous  septum.  It  consists  of  a  group  of 
small  glands  arranged  in  a  row  just  above  the  fornix  conjunc- 
tivas, its  anterior  edge  reaching  to  the  orbital  border  of  the  upjjer 
lid  at  its  outer  half  to  which  it  is  attached.  This  lower  smaller 
portion  of  the  gland  is  sometimes  described  as  the  accessory 
gland  of  Rosenmuller.  The  vessels  and  nerves  to  the  lachrymal 
gland  enter  'it  from  behind.  The  structure  of  the  lachrymal 
gland  is  that  of  an  acinous  gland.  Its  secretion  consists  largely 
of  water,  some  salt,  and  a  small  amount  of  albumin.  It  is  car- 
ried from  the  gland  and  its  accessory  portion  by  seven  to  twelve 
very  narrow  ducts  which  open  on  the  surface  of  the  outer  half  of 
the  superior  fornix  conjunctivae.  This  secretion  (the  tears)  serves 
to  keep  the  surface  of  the  eyeball  moist ;  it  is  small  in  quantity, 
not  being  secreted  faster  than  it  is  evaporated  into  the  atmo- 
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sphere.  The  lachrymal  gland  actually  secretes  but  a  small  por- 
tion of  the  tears,  the  conjunctiva  furnishing  most  of  them.  The 
lachrymal  gland  may  be  extirpated  without  impairing  the 
functions  of  the  eye,  the  conjunctiva  furnishing  enough  fluid 
to  keep  the  eye  moist.  When  from  any  cause  there  is  an  excess 
of  tears  secreted,  they  are  carried  off  into  the  nose  by  the  lach- 
rymal passages.     They  are  forced  into  them  by  the  action  of  the 


Fig.  3.— Horizontal  Section  of  Right  Orbit  on  a  Level  with  the  Free  Border  of  the 
Lower  Lid  Through  the  Lachrymal  Sac.  (Modified  from  Fuchs.)  s,  Lachrymal  sac;  b,  orbital 
fascia  surrounding  the  sac;  d,  canaliculus  ;  p,  punctum  lachrymale;  c,  cul-de-sac  of  conjunctiva  at 
the  outer  angle  of  the  eye;  a,  attachment  of  the  external  canthal  ligament. 

orbicularis  and  Horner's  muscles.  If  the  excess  is  too  great  to 
be  carried  off  by  this  means,  the  tears  run  over  the  lids  onto  the 
face. 

Conducting  Portion. — The  lachrymal  canals  (canaliculi) 
are  two  very  small  canals  leading  from  the  puncta  lachrymalia 
on  the  free  borders  of  the  lids,  near  the  inner  canthus,  to  the 
lachrymal  sac.  They  are  three  or  four  lines  in  length  and  one- 
half  a  line  in  diameter.  From  their  beginning  in  the  puncta 
lachrymalia  they  pass,  the  upper  one  directly  upward  for  about 
1  line,  the  lower  one  directly  downward  for  about  the  same 
distance,  then  both  turn  inward  at  almost  right  angles  to  their 
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primary  course,  and  proceed  toward  the  lachrymal  sac  in  arched 
courses,  the  concavities  of  the  arches  facing  each  other  (see 
Fig.  4).  Generally  the  two  canals  join,  and  enter  the  temporal 
side  of  the  lachrymal  sac  as  one  tune,  but  they  sometimes  enter 
it  independently.  In  structure  the  lachrymal  canals  consist  of 
a  very  smooth,  firm  mucous  membrane  lined  with  pavement 
epithelium.  External  to  this  mucous  membrane  is  a  thin  layer 
of  connective  tissue.     The  walls  of  these  canals  are  elastic,  and 
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Fig.  4.— Tendon  of  the  Orbicularis.  Connection  op  the  Tendon  with  the  Lachrymal  Sac 
and  Ducts.  (After  Sappey. )  1,  Lachrymal  duets:  2.  beginning  of  these  ducts;  3,  internal  end  of 
the  tarsal  cartilages;  4,  free  borderof  the  lids;  5,  lachrymal  sac;  0,  attachment  of  the  tendon  to  the 
maxillary  bone;  7,  its  division  into  two  branches;  8,  the  two  tendons  pass  around  the  two  lachrymal 
passages  and  attach  themselves  to  the  internal  end  of  the  tarsal  cartilages. 


the  canals  somewhat  dilated  at  the  angles  near  the  puncta. 
Horner's  muscle  lies  directly  in  front  of  and  partly  surrounds 
these  canals. 

The  lachrymal  sac,  into  which  the  lachrymal  canals  empty, 
lies  in  a  groove  formed  between  the  lachrymal  bone,  and  the 
nasal  process  of  the  superior  maxillary  bone  at  the  lower  inner 
angle  of  the  orbit.  It  is  slightly  flattened  antero-posteriorly, 
rounded  off  in  a  blind  extremity  above  and  continuous  with  the 
nasal  duct  below,  where  it  is  very  much  narrowed.  In  length, 
from  above  downward,  the  sac  measures  about  6  lines,  in  width 
about  2  lines.  The  rounded  upper  extremity  of  the  sac  extends 
about  1  line  above  the  tendo  palpebrarum.  The  transition  of  the 
sac  below  into  the  nasal  duct,  is  usually  a  gradual  one.  Some- 
times folds  of  mucous  membrane  partially  obstruct  the  passage 
leading  from  the  sac  into  the  nasal  duct.     This  may  give  rise 


14 


ANATOMY   AND    PHYSIOLOGY. 


to  difficulty  in  passing  the  lachrymal  probe.  The  structure  of 
the  lachrymal  sac  consists  of  a  rather  dense,  but  elastic  wall  of 
connective  tissue  lined  by  a  firm  mucous  membrane.  The  mu- 
cous membrane  is  lined  by  cylindrical  epithelium.  Between  the 
mucous  membrane  and  the  external  fibrous  sheath  is  a  venous 
network. 

The  nasal  duct  is  a  continuation  of  the  lachrymal  sac,  from 
the  lower  extremity  of  which  it  extends  through  an  osseous 
canal  into  the  inferior  meatus  of  the  nose.  The  bony  canal 
through  which  it  extends  is  formed  by  the  lachrymal,  superior 


Fig.  5. — Section  op  Lachrymal  Passages.  (Sappey.)  1,  Common  portion  of  the  lachrymal 
canaliculi  ;  2,  Horner's  muscles  ;  3,  3,  palpebral  conjunctiva  ;  4,4,  tarsal  cartilages  and  Meibomian 
glands;  5,5,  anterior  border  of  the  lids  and  openings  of  the  glands;  6,6,  posterior  border; 
7,  lachrymal  sac. 

maxillary,  and  inferior  turbinated  bones.  The  nasal  duct  is 
about  8  to  10  lines  in  length,  its  length  varying  as  it  empties 
higher  up  or  lower  down  in  the  meatus  of  the  nose.  In  width 
it  is  §  line,  but  is  not  quite  uniform  throughout,  the  duct 
being  a  little  narrower  at  the  upper  end  of  the  osseous  canal, 
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which  also  is  narrowest  at  this  point.  The  nasal  duct  in  its 
course  passes  downward,  backward,  and  outward.  This  fact 
should  be  kept  in  mind  when  passing  the  lachrymal  probe.  The 
distance  between  the  eyes  and  the  width  of  the  nose  alters  the 
course  of  the  duct  in  different  cases.  With  a  narrow  space  be- 
tween the  eyes  and  a  broad,  flat  nose,  the  probe  when  passed 
takes  a  course  downward,  backward,  and  decidedly  outward 
(this  is  often  the  case  in  negroes) .  With  a  broad  space  between 
the  eyes  and  a  narrow  nose  the  probe  passes  downward,  back- 
ward, and  only  slightly  outward. 

Structure. — The  mucous  membrane  lining  the  nasal  duct  is 
lined  by  cylindrical  epithelium,  similar  to  the  epithelium  in  the 
lachrymal  sac ;  a  number  of  mucous  glands  are  also  found  scat- 
tered throughout  the  mucous  membrane  of  the  duct.  The  lower 
end  of  the  nasal  duct  is,  in  many  instances,  partially  closed  by 
a  fold  of  mucous  membrane  (valve  of  Hasner).  Just  external 
to  the  mucous  membrane  of  the  duct,  and  surrounding  it,  is  a 
thick  network  of  veins.  External  to  this  network  of  veins,  and 
between  it  and  the  osseous  canal,  is  a  thin  fibrous  sheath.  En- 
gorgement of  the  venous  layers  of  the  duct  from  any  cause  may, 
temporarily,  result  in  a  complete  closure  of  the  duct.  This  often 
occurs  in  lachrymal  catarrh.  This  should  be  borne  in  mind  in 
determining  the  treatment  in  these  cases.  When  the  obstruc- 
tion of  duct  is  not  due  to  bony  constriction  or  necrosis,  but  to 
simple  engorgement  of  the  venous  layer,  injections  may  be  tried 
before  cutting  the  puncture  and  probing  are  resorted  to,  yet  even 
here  probing  will  usually  be  required. 

Blood- Vessels. — The  lachrymal  gland  has  a  special  artery, 
the  lachrymal,  from  the  ophthalmic.  It  has  also  a  branch  from 
the  infra-orbital  of  the  internal  maxillary.  The  lachrymal 
sac  and  duct  are  supplied  by  nasal  and  palpebral  arteries  from 
the  ophthalmic,  and  by  the  angular  artery  the  termination  of 
the  facial. 

Nerves. — The  lachrymal  gland  has  a  special  nerve,  the 
lachrymal,  from  the  fifth  nerve,  and  branches  from  the  sympa- 
thetic. The  lachrymal  sac  and  duct  receive  branches  from  the 
fifth,  seventh,  and  sympathetic. 

Physiology. — The  function  of  the  lachrymal  gland  is  to 
secrete  tears  which  keep  the  eyes  moist,  and  prevent  friction 
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between  the  lids  and  globe  of  the  eye.  The  tears  have  an  an- 
tiseptic quality,  while  their  continued  moistening  of  the  eye 
keeps  it  free  from  dust.  The  function  of  the  lachrymal  canals, 
sac,  and  duct  is  to  carry  off  the  excess  of  tears. 

ANATOMY  OF  THE  MUSCLES  OF  THE  EYEBALL. 

Six  muscles,  four  straight  {recti)  and  two  oblique,  give  to 
the  eye  its  varied  motions.     They  are : 

1.  Superior  rectus;  2.  Inferior  rectus;  3.  Internal  rectus; 
4.  External  rectus;  5.  Superior  oblique;  6.  Inferior  oblique. 
They  are  termed  the  extrinsic  muscles  of  the  eye,  while  the  cil- 
iary muscle  and  sphincter  muscle  of  the  iris  are  designated  the 
intrinsic  muscles  of  the  eye. 

The  four  recti  or  straight  muscles,  arise  immediately  around 
the  optic  foramen,  partly  from  a  tendinous  ring  (ligament  of 
Zinn)  which  surrounds  the  lower  and  inner  margin  of  the  optic 
foramen,  and  partly  from  the  margin  of  the  optic  foramen  itself. 
From  this  origin  they  pass  forward,  diverging  as  they  go  on, 
and  come  in  contact  with  the  eyeball  just  behind  its  equator. 
Keeping  in  contact  with  it,  they  pierce  its  sheath  (Tenon's  cap- 
sule) from  i  to  i  inch  back  of  the  sclero-corneal  margin,  to  be- 
come inserted  into  the  sclerotic  by  tendinous  expansions — one 
above,  one  below,  one  to  the  outer  side  and  one  to  the  inner  side. 

The  superior  rectus,  is  the  smallest  and  thinnest  of  the  four 
recti  muscles.  It  arises  from  the  upper  margin  of  the  optic 
foramen,  just  below  the  origin  of  the  levator  palpebral  superio- 
ris  (su,  Fig.  6) ;  some  fibres  also  spring  from  the  sheath  of  the 
optic  nerve.  From  this  origin  it  passes  forward,  slightly  out- 
ward, just  beneath  the  levator  superioris  palpebra?,  and  almost 
parallel  with  the  roof  of  the  orbit,  terminating  anteriorly  in  a 
tendon  about  four  lines  broad,  convexed  anteriorly.  This  tendon 
is  inserted  obliquely  into  the  upper  part  of  the  sclerotic,  its  inner 
edge  about  three  lines  and  its  outer  edge  about  four  lines  from 
the  margin  of  the  cornea  (&,  Fig.  6). 

The  inferior  rectus,  arises  from  the  ligament  of  Zinn  at  the 
lower  margin  of  the  optic  foramen  (in,  Fig.  6),  runs  forward, 
slightly  outward,  and  parallel  with  the  floor  of  the  orbit,  termi- 
nating anteriorly  in  one  tendinous  aponeurosis  about  three  lines 
broad,  which  is  convexed  anteriorly,  and  inserted  obliquely  into 
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the  lower  portion  of  the  sclera,  its  inner  edge  two  and  a  half 
lines  and  its  outer  edge  three  and  a  half  lines  from  the  margin 
of  the  cornea  (c,  Fig.  (!). 

The  internal  rectus  is  the  strongest  and  broadest  of  the  recti 
muscles.  It  arises  partly  from  the  ligament  of  Zinn,  and  partly 
from  the  inner  margin  of  the  optic  foramen  (it,  Fig.  6),  passes 
forward,  very  slightly  inward,  almost  parallel  with  the  inner 
wall  of  the  orbit  to  terminate  in  a  tendinous  aponeurosis  about 
four  and  a  half  lines  broad,  convex  anteriorly,  which  is  inserted 


Fig.  6.— Origin  and  Attachment  of  the  Ocular  Muscles.  (H.  T.  Potter  del.)  so,  Superior 
oblique;pe,  levator  palpebrae  superioris;  su,  superior  rectus;  it,  internal  rectus;  ex,  external  rectus; 
in,  inferior  rectus;  b.  attachment  of  superior  rectus;  c,  attachment  of  inferior  rectus;  a,  pulley  for 
superior  oblique;  e,  attachment  of  superior  oblique;  d,  attachment  of  inferior  oblique;  o,  optic  nerve 
entrance. 

into  the  inner  portion  of  the  sclera  three  lines  from  the  margin 
of  the  cornea  and  on  a  level  with  the  centre  of  the  cornea. 

The  external  rectus  is  the  longest  of  the  recti  muscles,  and 
has  a  double  origin  or  two  heads.  The  upper  head  arises  from 
the  upper  part  of  the  outer  margin  of  the  optic  foramen  (ex, 
Fig.  6),  the  lower  head  from  the  ligament  of  Zinn  and  from  a 
small  process  of  bone  on  the  under  margin  of  the  sphenoid  fis- 
sure. The  two  heads  unite  after  running  a  short  distance,  pass 
forward,  outward,  curving  around  the  outer  side  of  globe  of  eye 
to  terminate  in  a  tendinous  aponeurosis  about  three  and  a  half 
lines  broad,  convexed  anteriorly,  which  is  inserted  into  the  outer 
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portion  of  the  sclera  three  and  a  half  lines  from  the  margin  and 
on  a  level  with  the  centre  of  the  cornea. 

The  superior  oblique  arises  just  above,  and  internal  to,  the 
origin  of  the  superior  rectus,  about  one  line  from  the  upper  margin 
of  the  optic  foramen  (so,  Fig.  6).  It  passes  forward,  upward,  and 
inward  to  the  upper  inner  angle  of  the  orbit,  to  a  pulley  (a,  Fig.  6) 
formed  of  fibrous  tissue  situated  in  the  depression  just  under  the 
internal  angular  process  of  the  frontal  bone,  through  which  it 
passes  as  a  tendon,  the  tendon  being  separated  from  the  pulley 
by  a  delicate  synovial  membrane  which  is  inclosed  in  a  fibrous 
sheath.  After  passing  through  this  pulley  it  is  deflected  down- 
ward, outward,  and  backward  beneath  the  superior  rectus  to  be 
inserted  by  a  fan-shaped  aponeurosis  about  3  lines  broad  into  the 
sclera  about  half-way  between  the  superior  and  external  recti 
muscles,  and  nearer  to  the  optic  nerve  than  to  the  cornea,  the  an- 
terior edge  of  the  aponeurosis  being  about  five  lines  from  the 
cornea,  while  the  posterior  edge  is  about  four  lines  from  the  optic 
nerve  (e,  Fig.  6). 

The  inferior  oblique  arises  from  a  depression  in  the  anterior 
inner  part  of  the  orbital  plate  of  the  inferior  maxillary  bone,  just 
external  to  the  opening  for  the  nasal  duct.  From  this  origin 
it  runs  outward  and  backward,  passing  between  the  floor  of  the 
orbit  and  the  internal  rectus ;  it  then  turns  upward  between  the 
external  rectus  and  the  eyeball,  to  be  inserted  into  the  sclera,  near 
the  insertion  of  the  superior  oblique  and  on  a  line  with  it,  by  a 
fan-shaped  aponeurosis  about  five  lines  broad.  The  anterior 
edge  of  the  aponeurosis  is  about  five  lines  from  the  cornea, 
while  the  posterior  edge  is  about  two  lines  from  the  optic  nerve 
id,  Fig.  6). 

Before  the  tendons  of  any  of  these  muscles^  recti  or  oblique, 
are  inserted  into  the  sclera  they  pierce  the  Capsule  of  Tenon. 
This  capsule  is  reflected  as  a  sheath  backward  along  the  tendons 
for  a  short  distance.  This  fact  should  be  remembered  in  tenot- 
omy of  these  muscles  for  strabismus,  for  although  a  complete 
division  of  the  muscle  may  be  made,  unless  this  capsule  fibre 
sheath  is  divided  and  the  capsule  dissected  up  somewhat,  the 
will  effect  be  lessened. 

The  exact  origin,  course,  and  the  exact  manner  and  position 
of  insertions  of  these  muscles  should  be  fixed  clearly  in  the  mind, 
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for  upon  this  knowledge  the  clear  understanding  of  their  actions 
depends. 

Physiology. — The  function  of  the  six  muscles  just  de- 
scribed is  to  move  the  eyes  in  different  directions,  so  that  mov- 
ing objects  or  objects  occupying 
different  positions  in  space  in  re- 
lation to  the  eyes,  can  be  fixed  or 
brought  into  the  field  of  vision. 
Before  describing  the  separate  and 
combined  actions  of  these  mus- 
cles, it  is  necessary  first  to  fix  cer- 
tain points,  lines,  planes,  and  axes 
in  connection  with  the  eyeballs, 
and  the  relation  these  points, 
lines,  planes,  and  axes  bear  to  the 
eves,  the  muscles  which  move 
them,  and  the  orbits  within  which 
they  move.  In  other  words,  we 
should  ascertain  the  centre  of  mo- 
tion around  which,  and  the  axes 
upon  which,  the  eyeballs  rotate, 
and  the  relation  they  bear  to  the 
surrounding  parts  and  the  objects 
viewed. 

The  optic  axis,  or  anteropos- 
terior axis  of  the  eyeball,  is  the 
line  joining  the  anterior  and  pos- 
terior poles  of  the  eye,  practically 
coinciding  with  the  line  of  vision 
(XF,  Fig.  T).   Movements  around 


Fig.  7.  —  Showing  Different  Lines  and 
Points  of  the  Eye.  (H.  T.  Potter  del.) 
XY.  Optic  axis:  H,  principal  points  combined: 
K,  nodal  points  combined:  M,  centre  of  mo- 
tion; fO,  line  of  vision;  MO,  line  of  fixation: 
this  axis  are  Chiefly  accomplished    CD,  greater  axis  of  corneal  ellipsoid  ;   OKC. 

angle  a  ;  O.lfX.  angle  y.  This  figure  is  very 
diagrammatic.  In  order  to  show  the  angles  a 
and  y  plainly,  the  long  axis  of  corneal  ellipse 
should,  and  practically  does,  coincide  with 
the  optic  axis  of  the  eye. 


by  the  oblique  muscles,  partly  by 
the  superior  and  inferior  recti, 
and  are  designated  rotary  move- 
ments. 

The  transverse  axis  of  the  eyeball  is  a  line  drawn  through 
the  horizontal  meridian  of  the  eye,  at  right  angles  to  the  optic 
axis  and  through  the  centre  of  motion  {CD,  Fig.  S).  The 
movements  around  this  axis  are  vertical  chiefly,  and  are  ac- 
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complished  by  the  inferior  and  superior  recti  assisted  by  the 
oblique  muscles. 

The  vertical  axis  of  the  eyeball,  is  a  line  drawn  through  the 
vertical  meridian  of  the  eyeball,  perpendicular  to  the  optic  axis, 
through  the  centre  of  motion.  The  movements  of  the  eye  about 
this  axis  are  horizontal,  and  are  accomplished  by  the  external 
and  internal  recti  muscles. 

The  vertical  meridian  of  the  eye  is  the  line  drawn  along  the 
surface  of  the  eyeball  from  the  upper  extremity  of  the  vertical  axis 
to  the  centre  of  the  cornea,  to  the  lower  extremity  of  the  verti- 
cal axis,  around  the  posterior  surface  of  the  ball  to  the  upper  ex- 
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Fig.  8.— Horizontal  Section  Through  the  Orbits  on  a  Level  with  their  Centres.  (H.  T. 
Potter  del.)  OF,  Orbital  axis;  CD,  horizontal  or  frontal  axis  of  eyeball;  AB,  antero-posterior  axis 
of  eyeball,  or  optic  axis. 

tremity  of  the  vertical  axis,  the  starting-point.  The  horizontal 
meridian  is  the  line  drawn  along  the  surface  of  the  eyeball,  from 
the  inner  extremity  of  the  transverse  axis  to  the  centre  of  the 
cornea,  to  the  outer  extremity  of  the  transverse  axis,  around 
the  posterior  surface  of  the  eye  to  the  starting-point.  The  equa- 
torial meridian  of  the  eye,  is  the  line  drawn  transversely  along 
the  surface  of  the  eye  joining  the  four  extremities  of  transverse 
and  vertical  axes.  The  centre  of  motion  of  the  eyeball,  which  is 
stationary,  and  around  which  all  the  motions  of  the  eye  take 
place,  is  situated  on  the  optic  axis  about  one  line  posterior  to  its 
centre  (if,  Fig.  7).  The  base  line  is  the  line  joining  the  centres 
of  motion  of  the  two  eyes.  The  meridian  plane  is  the  plane 
passed  through  the  vertical  axis  of  the  head  and  the  centre  of 
the  base  line.     The  visual  plane  is  a  plane  passed  through  the 
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base  line  and  the  visual  lines.  The  visual  lines  are  the  lines 
extending  from  an  object  seen  by  the  eyes,  through  the  nodal 
points  (centre  of  curvature  of  refractive  surfaces  of  each  eye)  to 
the  macula  lutea  in  each  eye  (fO,  Fig.  7).  The  line  of  fixa- 
tion is  the  line  extending  from  the  object  fixed  to  the  centre  of 
motion  of  the  eye  {MO,  Fig.  7).  The  angle  «  (alpha)  (OKC,  Fig. 
7)  is  the  angle  formed  by  the  visual  line  and  the  long  axis  of 
the  corneal  ellipse,  which  axis  practically  coincides  with  the 
optic  axis  of  the  eye.  The  angle  r  (gamma)  (OMX,  Fig.  7)  is 
the  angle  formed  by  the  line  of  fixation  and  the  optic  axis  of 
the  eye.  The  muscle  plane  is  the  plane  passed  through  the  line 
joining  the  centre  of  origin  and  insertion  of  a  muscle  and  the 
centre  of  motion  of  the  eye.  The  muscle  plane  is  important  in 
determining  the  action  of  each  muscle  on  the  eye.  Each  muscle, 
when  acting  independently,  moves  the  eye  around  an  axis  drawn 
through  the  centre  of  motion  of  the  eye,  perpendicular  to  the 
plane  of  that  muscle.  This  axis  is  called  the  axis  of  turning  of 
that  muscle — e.g.,  the  axis  of  turning  of  the  external  or  internal 
rectus  muscle,  is  the  vertical  axis  of  the  eye. 

The  primary  position  of  the  eye  is  that  in  which  all  the  mus- 
cles (extrinsic)  are  in  a  state  of  equilibrium,  the  visual  lines 
horizontal  and  parallel  to  the  median  plane,  and  the  head  erect. 
All  other  positions  of  the  eyes  are  termed  secondary. 

With  the  above  landmarks,  so  to  speak,  of  the  move- 
ments of  the  eyes,  the  action  of  separate  or  of  two  or  more 
muscles  at  one  time  may  be  readily  understood.  Furthermore, 
in  considering  the  movements  of  the  eye,  it  should  be  remem- 
bered, that  the  centre  of  motion  '  remains  stationary,  while  the 
centre  of  the  cornea  and  the  upper  extremity  of  the  vertical 
meridian,  are  the  points  on  the  eye  from  which  their  move- 
ments are  measured.  For  example,  the  distance  and  direction 
of  the  centre  of  the  cornea  and  the  position  of  the  upper  ex- 
tremity of  the  vertical  meridian  in  any  secondary  position,  from 
what  they  were  in  the  primary  position,  gives  the  position  of  the 
eyes  in  the  second  position. 

1  There  is  a  very  slight  backward  movement  of  the  centre  of  motion,  when  all 
the  recti  muscles  contract  at  one  time,  and  a  slight  forward  motion  of  this  point 
when  all  are  relaxed.  Both  these  movements  are  so  slight  that  they  are  not  to 
be  considered. 
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Action  of  the  separate  muscles : 

The  internal  rectus  acting  by  itself  pulls  the  eye  directly  in- 
ward, rotating  it  around  its  vertical  axis.  The  centre  of  the 
cornea  moves  along  the  horizontal  meridian  a  distance  of  about 
44°,  while  the  vertical  meridian  remains  perpendicular. 

The  external  rectus  acting  alone  pulls  the  eye  directly  out- 
ward, rotating  it,  as  did  the  internal  rectus,  around  its  vertical 
axis.  The  centre  of  the  cornea  moves  along  the  horizontal 
meridian  a  distance  of  about  43°,  while  the  upper  extremity  of 
the  vertical  meridian  remains  perpendicular. 

The  external  and  internal  recti  muscles,  are  the  only  mus- 
cles acting  singly  that  give  to  the  eye  a  simple  motion,  that  is, 
which  move  the  centre  of  the  cornea  without  changing  the  posi- 
tion of  the  upper  extremity  of  the  vertical  meridian.  Any  mo- 
tion of  the  eye  that,  at  the  same  time,  changes  the  centre  of  the 
cornea  and  the  upper  extremity  of  the  vertical  meridian  is  a 
compound  motion. 

The  superior  rectus,  acting  singly,  pulls  the  eye  up  and  in, 
at  the  same  time  rotating  the  upper  extremity  of  the  vertical 
meridian  inward  around  a  secondary  axis  which  is  perpendicular 
to  its  muscle  plane  through  the  centre  of  motion.  A  considera- 
tion of  the  origin  and  insertion  of  this  muscle  makes  its  action 
understood.  From  its  origin  at  the  apex  of  the  orbit,  it  passes 
forward  and  outward  at  an  angle  of  about  20°  with  the  optic 
axis,  to  be  inserted  obliquely  into  the  sclera  above.  Acting 
through  its  muscle  plane,  which  slants  inward  from  the  optic 
axis,  it  must  pull  the  eye  (centre  of  cornea)  upward  and  in- 
ward, at  the  same  time  it  rotates  the  upper  extremity  of  the 
vertical  meridian  inward. 

The  inferior  rectus,  acting  alone,  pulls  the  eye  downward 
and  inward,  at  the  same  time  it  rotates  the  upper  extremity  of 
the  vertical  meridian  outward,  around  a  secondary  axis  at  right 
angles  to  its  muscle  plane  through  the  centre  of  motion.  Act- 
ing through  its  muscle  plane,  which-  is  at  the  same  angle  with 
the  optic  axis  (20°)  as  is  the  plane  of  the  superior  rectus,  it  pulls 
the  eye  (centre  of  cornea)  downward  and  inward,  and  rotates  the 
upper  extremity  of  the  vertical  meridian  outward. 

The  superior  oblique.  In  considering  the  action  of  this 
muscle,  its  origin,  so  far  as  its  action  on  the  eyeball  is  concerned, 
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is  the  same  as  if  it  arose  from  the  pulley  at  the  upper  inner 
angle  of  the  orbit,  through  which  it  plays.  From  this  physio- 
logical origin,  it  passes  downward,  outward,  and  backward  to 
its  point  of  insertion  on  the  posterior  and  outer  surface  of  the 
sclera — its  muscle  plane  extending  from  the  pulley  to  the  point 
of  insertion  of  the  muscle.  Acting  through  this  plane,  its  chief 
function  is  to  rotate  the  upper  extremity  of  the  vertical  meridian 
inward.  Its  point  of  insertion  being  lower  than  its  point  of 
origin,  it  also  turns  the  centre  of  the  cornea  downward  and  out- 
ward, by  the  mere  act  of  pulling  the  posterior  portion  of  the  eye 
upward  and  inward. 

The  inferior  oblique  acting  alone  through  its  muscle  plane, 
from  its  point  of  origin  at  the  lower  inner  angle  of  the  orbit  to  its 
point  of  insertion  on  the  posterior  outer  surface  of  the  sclera,  ro- 
tates the  upper  extremity  of  the  vertical  meridian  outward,  at 
the  same  time,  its  point  of  insertion  being  higher  than  point  of 
origin,  it  turns  the  centre  of  the  cornea  upward  and  outward. 

Having  considered  the  separate  actions  of  the  different  mus- 
cles, it  is  now  necessary  to  consider  some  movements  of  the  eyes 
in  which  more  than  one  muscle  is  brought  into  play. 

The  direct  upward  movement  of  the  eye,  is  accomplished  by 
the  combined  action  of  two  muscles,  the  superior  rectus  and  in- 
ferior oblique.  The  superior  rectus  pulls  the  eye  (centre  of 
cornea)  upward,  but  at  the  same  time  inward,  also  rotating  the 
upper  extremity  of  the  vertical  meridian  inward.  To  counteract 
the  inward  movement  of  the  cornea,  and  the  upper  extremity 
of  the  vertical  meridian,  a  second  muscle  possessing  the  power 
to  move  these  points  in  an  opposite  direction  must  be  called  into 
play,  and  this  muscle  is  the  inferior  oblique.  It  also  moves  the 
eye  upward.  The  combined  action  of  the  two  is  to  move  the 
centre  of  the  cornea  directly  upward  along  the  vertical  meridian, 
this  meridian  remaining  vertical. 

The  direct  downward  movement  of  the  eye,  is  brought  about 
by  the  inferior  rectus  and  the  superior  oblique,  the  inferior 
rectus  pulling  the  eye  downward  and  inward,  at  the  same  time 
rotating  the  upper  extremity  of  the  vertical  meridian  outward. 
To  counteract  the  inward  movement  of  the  centre  of  the  cornea, 
and  the  outward  movement  of  the  upper  extremity  of  the  verti- 
cal meridian,  and  at  the  same  time  assist  in  the  downward 
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movement  of  the  cornea,  a  second  muscle  is  brought  into  action 
— the  superior  oblique.  The  opposing  actions  of  the  two  mus- 
cles are  equalized  while  the  similar  action,  downward,  is  in- 
creased, and  the  centre  of  the  cornea  is  moved  directly  down- 
ward along  the  vertical  meridian,  the  upper  extremity  of  this 
meridian  remaining  vertical. 

The  upward  and  inward  movement  of  the  eye  is  accom- 
plished by  the  combined  actions  of  three  muscles — the  superior 
rectus,  internal  rectus,  and  inferior  oblique.  The  opposite  eye 
moves  upward  and  outward  at  the  same  time.  The  vertical 
meridians  in  both  eyes  are  inclined  and  parallel ;  the  one  in  the 
eye  that  is  looking  upward  and  inward  (which  we  will  assume 
to  be  the  right)  is  inclined  inward,  while  in  the  opposite  eye  it 
is  inclined  outward.  The  right  internal  rectus  and  the  superior 
rectus,  acting  together,  move  the  centre  of  the  cornea  upward 
and  inward  along  a  diagonal  between  the  two  muscles.  The 
superior  rectus  also  rotates  the  upper  extremity  of  the  vertical 
meridian  inward.  To  prevent  too  great  rotation  inward  of  the 
vertical  meridian,  and  to  keep  it  parallel  with  the  vertical  me- 
ridian in  the  left  eye,  which  is  inclined  slightly  outward,  and 
at  the  same  time  to  help  move  the  eye  upward,  a  third  muscle 
is  brought  into  action — the  inferior  oblique. 

The  upward  and  outward  movement  in  the  left  eye  (in  the 
above  case)  is  brought  about  by  the  combined  actions  of  the  left 
external  and  superior  recti,  and  the  inferior  oblique  muscles. 
The  external  and  superior  recti  acting  in  conjunction,  move  the 
centre  of  the  cornea  upward  and  outward  along  a  diagonal  be- 
tween the  two  muscles.  The  superior  rectus  also  rotates  the 
upper  extremity  of  the  vertical  meridian  inward.  To  coun- 
teract this  tendency,  and  to  rotate  the  upper  extremity  of  the 
vertical  meridian  outward,  keeping  it  parallel  with  the  right 
vertical  meridian,  and  also  to  assist  in  moving  the  eye  upward, 
a  third  muscle  is  brought  into  play — the  inferior  oblique. 

The  downward  and  inward  movement  of  the  eye  (right,  the 
left  being  moved  downward  and  outward  at  the  same  time)  is 
brought  about  by  three  muscles,  the  inferior  and  internal  recti 
and  the  superior  oblique.  The  vertical  meridians  remain  parallel, 
the  upper  extremities  of  both  being  tilted  to  the  right.  The 
right  inferior  and  internal  recti  acting  conjointly  pull  the  centre 
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of  the  cornea  downward  and  inward  along  a  diagonal  between 
the  two  muscles.  The  inferior  rectus  rotates  the  upper  extrem- 
ity of  the  vertical  meridian  outward  at  the  same  time.  To  pre- 
vent a  too  far  outward  rotation  of  the  vertical  meridian  and  to 
maintain  it  parallel  with  the  left,  also  to  assist  in  the  downward 
movement  of  the  eye,  a  third  muscle  comes  into  action — the 
superior  oblique. 

The  downward  and  outward  movement  in  the  left  eye  (in  last 
example)  is  brought  about  by  the  inferior  and  external  recti 
and  the  superior  oblique  muscles.  The  inferior  and  external 
recti  acting  conjointly  pull  the  eye  downward  and  outward, 
along  a  diagonal  between  the  two  muscles.  The  inferior  rectus 
also  has  a  tendency  to  rotate  the  upper  extremity  of  the  vertical 
meridian  outward.  To  counteract  this  tendency  and  to  rotate 
the  upper  extremity  of  the  vertical  meridian  inward,  to  have  it 
parallel  to  the  right  vertical  meridian,  and  to  help  move  the  eye 
downward,  a  third  muscle  is  called  into  action,  the  superior 
oblique. 

Soelberg  Wells  '  has  given  a  brief  summary  of  the  movements 
of  the  eye  and  the  muscles  accomplishing  these  movements,  as 
follows : 

Movement.  Muscles. 

Inward Int.  rectus. 

Outward Ext.  rectus. 

Upward Sup.  rectus  and  inf.  oblique. 

Downward Inf.  rectus  and  sup.  oblique. 

Upward  and  inward Sup.  and  int.  recti  and  inf.  oblique. 

Upward  and  outward Sup.  and  ext.  recti  and  inf.  oblique. 

Downward  and  inward Inf.  and  int.  recti  and  sup.  oblique. 

Downward  and  outward Inf.  and  ext.  recti  and  sup.  oblique. 

Blood- Vessels. — The  muscular  branches  from  the  ophthal- 
mic artery  supply  the  six  extrinsic  muscles  of  the  eye.  The 
venous  blood  returned  from  the  muscles  is  emptied  into  the 
ophthalmic  and  facial  veins. 

Nerves. — The  sensory  nerves  are  from  the  fifth,  chiefly  from 
its  ophthalmic  division,  the  orbital  branch  from  the  middle  divi- 
sion, however,  assisting. 

The  motor  nerves  to  the  different  muscles  are: 

The  third  or  oculo-motor.     Besides  supplying  the  intrinsic 

1  "Diseases  of  the  Eye,"  edited  by  C.  S.  Bull,  p.  676. 
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muscles  of  the  eye  it  supplies  the  superior,  internal,  and  inferior 
recti  muscles  and  the  inferior  oblique.  The  origin  of  the  third 
nerve  is  from  nuclei  lying  beneath  the  aqueduct  of  Sylvius,  in 
the  floor  of  the  fourth  ventricle  on  both  sides  of  the  meridian 
raphe,  and  in  a  line  under  but  slightly  anterior  to  the  corpora 
quadrigemina.  It  is  in  the  anterior  portion  of  the  nucleus  of  the 
third  nerve,  that  the  centres  of  motion  of  the  pupil,  accommoda- 
tion and  convergence  in  the  order  named — (Kahler,  Fuchs)  are 
found,  while  the  centres  of  motion  of  the  inferior  and  superior 
recti  and  the  inferior  oblique  are  situated  further  back  in  the 
nucleus.  From  this  origin  the  nerve  runs  downward  and  out- 
ward through  the  crus  cerebri  to  the  base  of  the  brain,  being 
surrounded  by  a  sheath  of  pia  mater  for  a  short  distance  on 
emerging  from  the  crus.  It  then  pierces  the  dura  mater,  extends 
along  the  outer  wall  of  the  cavernous  sinus,  entering  the  orbit 
through  the  sphenoidal  fissure  between  the  two  heads  of  the  ex- 
ternal rectus  muscle.  In  the  cavernous  sinus  it  receives  some 
sympathetic  nerve  branches  from  the  cavernous  plexus.  On  or 
before  entering  the  orbit,  it  divides  into  two  main  divisions. 
The  superior  branch  supplies  the  superior  rectus,  also  the  levator 
palpebrae  superioris.  The  inferior  branch  usually  subdivides  into 
three  branches,  one  for  the  internal  rectus,  one  for  the  inferior 
rectus,  and  one  for  the  inferior  oblique.  It  is  from  this  last 
branch  that  the  motor  branch  to  the  lenticular  ganglion  is  sup- 
plied. 

The  fourth,  or  trochlear  nerve,  supplies  the  superior  oblique 
muscle.  Sometimes  it  gives  off  a  branch  to  help  form  the  lach- 
rymal nerve,  and  many  times  a  recurrent  branch  to  the  men- 
inges. Its  origin  is  in  the  floor  of  the  fourth  ventricle  just  be- 
neath and  back  of  the  origin  of  the  third  nerve.  From  this 
origin  the  nerves  pass  upward  into  the  valve  of  Vieussens,  in 
which  fibres  from  the  two  trunks  decussate,  thus  joining  the 
two  nerve  trunks  in  the  brain  near  their  origin.  From  here 
they  separate,  winding  around  the  outer  side  of  the  crus  cerebri, 
pierce  the  dura  mater  to  enter  the  cavernous  sinus,  along  the 
outer  wall  of  which  they  run,  receiving  some  sympathetic 
branches  from  the  cavernous  plexus  in  their  course.  It  enters 
the  orbit  through  the  sphenoidal  fissure  high  up,  and  runs  for- 
ward and  upward  to  supply  the  superior  oblique  muscle. 
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The  sixth,  or  ubilncens  {pulling  out)  nerve  supplies  the  ex- 
ternal rectus.  Its  origin  is  from  a  nucleus  in  the  floor  of  the 
fourth  ventricle  just  helow  the  nucleus  of  the  seventh  nerve, 
both  being  situated  in  the  fasciculus  teres  and  just  in  front  of 
si  rise  medullares.  From  this  origin,  the  nerve  passes  downward 
and  outward  between  the  posterior  surface  of  the  pons  Varolii 
and  the  anterior  surface  of  the  medulla,  to  enter  the  cavernous 
sinus,  through  which  it  runs,  entering  the  orbit  through  the 
sphenoidal  fissure  between  the  two  heads  of  the  external  rectus 
muscle.  While  in  the  cavernous  sinus,  it  receives  a  communi- 
cating branch  from  Meckel's  ganglion,  one  from  the  ophthalmic 
branch  of  the  fifth  nerve,  besides  several  sympathetic  branches 
from  the  cavernous  and  carotid  plexuses.  In  the  orbit  it  sup- 
plies but  one  muscle — the  external  rectus. 

There  are  special  centres  governing  the  co-ordinate  actions 
of  the  ocular  muscles,  while  their  voluntary  actions  are  gov- 
erned by  centres  situated  in  the  cortex  of  the  brain. 
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THE  CONJUNCTIVA. 

(Conjungere,  to  join  together.) 

The  conjunctiva  is  the  mucous  membrane  lining  the  inner 
surfaces  of  the  eyelids,  and  covering  the  anterior  half  of  the 
eyeball,  from  the  equator  to  the  margin  of  the  cornea.  It  en- 
croaches upon  the  margin  of  the  cornea,  when  it  is  called 
limbus  conjunctivalis  (limbus,  margin),  and  its  epithelial  layer, 
becoming  transparent,  extends  entirely  across  the  cornea,  form- 
ing the  anterior  layer  of  that  structure.  At  the  free  borders  of 
the  lids,  the  conjunctiva  has  its  origin  as  a  direct  continuation 
of  the  external  integument  of  the  lids.  It  is  closely  adherent  to 
the  posterior  surfaces  of  the  tarsal  cartilages  by  a  dense  cellular 
tissue.  This  portion  of  the  conjunctiva  is  known  as  the  palpe- 
bral conjunctiva. 

From  the  posterior  or  orbital  borders  of  the  lids,  it  is  re- 
flected in  loose  folds,  fornix  (arch)  conjunctiva.  Going 
forward  it  comes  upon  the  eyeball  just  in  front  of  the  equator, 
from  which  point  forward  to  the  cornea,  it  is  loosely  attached 
to  the  globe  of  the  eye  by  cellular  connective  tissue.  This  por- 
tion is  known  as  the  ocular  conjunctiva.  At  the  inner  can  thus 
(corner)  of  the  eye,  the  ocular  conjunctiva  forms  a  crescen tic  fold 
with  a  concavity  toward  the  cornea.  From  its  shape  this  fold 
is  called  plica  {plait)  semilunaris.  Just  internal  to  this  fold  of 
the  conjunctiva,  resting  partly  in  its  anterior  surface,  and  fill- 
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ing  up  the  depression — lac  us  (lake)  lachrymalis — at  the  inner 
canthus,  is  a  small,  red,  fleshy  mass — caruncula  lachrymalis. 

Histological  Elements. — These  are:  connective- tissue  cor- 
puscles; intercellular  substance;  elastic  fibres;  papillae;  epi- 
thelium; cup  cells  or  follicular  glands;  acinous  and  conglom- 
erate glands;  lymphatics,  and  lymph  corpuscles;  blood-vessels; 
nerves. 

Structure. — Like  other  mucous  membranes,  the  conjunc- 
tiva has  a  basis  of  adenoid  tissue,  which  is  bound  to  the  under- 
lying tissue  by  cellular  connective  tissue.  It  is  covered  by 
epithelium.  The  structure  of  the  conjunctiva,  however,  is  not 
the  same  throughout,  but  it  varies  in  different  portions  accord- 
ing to  its  situation,  both  as  to  the  character  and  arrangement 
of  its  elements.  The  different  portions  will,  therefore,  be  de- 
scribed separately. 

The  palpebral  conjunctiva  covering  the  inner  surfaces  of  the 
lids  is  dense,  opaque,  and  very  vascular,  the  blood-vessels  being 
clearly  outlined  here  and  there.  Its  surface,  covered  by  papillae, 
is  of  a  yellowish-red  color,  irregularly  checked  or  marked  by 
shallow  furrows,  that  run  in  every  direction.  These  papillae  are 
absent  from  the  free  border  of  the  lids.  Beginning  about  one 
millimetre  from  the  free  border  of  the  lids  as  very  fine  eleva- 
tions, they  gradually  increase  in  size  toward  the  orbital  border, 
where  they  can  be  seen  by  the  naked  eye.  It  has  been  ques- 
tioned if  they  are  true  papillae,  the  loop-ending  blood-vessels 
found  in  true  papillae  often  being  absent  in  those  of  the  con- 
junctiva (Wolfring).  In  severe  inflammations  of  the  conjunc- 
tiva, these  papillae  become  greatly  swollen,  and  impart  to  it  the 
well-known  velvet-like  appearance  and  feel.  Opening  on  the  sur- 
face of  the  palpebral  conjunctiva,  between  the  epithelial  cells,  are 
some  very  narrow  ducts  which  are  the  mouths  of  the  cup  cells 
(Henle,  Germany,  nineteenth  century).  These  cells  are  simply 
convolutions  of  the  basement  membrane  of  the  conjunctiva  lined 
by  cylindrical  epithelium.  They  secrete  mucus  to  assist  in  lubri- 
cating the  lids.  The  epithelium  covering  the  palpebral  conjunc- 
tiva is  chiefly  pavemented,  the  deeper  layers  approach  to  the 
round  and  cylindrical  in  form.  At  the  edges  of  the  lids,  the 
palpebral  conjunctiva  is  continuous  with  the  lining  membrane  of 
the  Meibomian  glands,  and  at  the  outer  end  of  the  upper  lid, 
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with  the  lining  membrane  of  the  lachrymal  ducts,  into  the 
lachrymal  glands,  and  through  the  lachrymal  puncta  and 
lachrymal  canals  into  the  lachrymal  sac  and  nasal  duct.  The 
blood-vessels  and  nerves  are  more  numerous  in  this  portion  of 
the  conjunctiva  than  in  any  other,  except  in  the  limbus  con- 
junctivae (see  Fig.  1,  for  section  of  this  portion). 

The  fornix  conjunctiva  is  the  loose  fold  of  conjunctiva  re- 
flected from  the  orbital  border  of  the  lids,  forming  a  cul-de-sac 
above  and  below,  the  upper  one  being  the  deeper.  Both  are 
deeper  at  the  outer  extremity  than  at  the  inner.  They  are 
sometimes  called  the  superior  and  inferior  palpebral  folds. 
This  is  the  thickest  portion  of  the  conjunctiva.  It  is  loose  in 
texture,  contains  many  elastic  fibres,  and  is  attached  to  the 
underlying  orbital  tissue  by  very  loose  cellular  connective  tis- 
sue. It  is  covered  by  cylindrical  epithelium,  and  near  the 
orbital  borders  of  the  lids  contains  a  number  of  large  papillae. 
Lymphatic  follicles  are  present  in  both  of  the  culs-de-sac. 
These  are  the  so-called  "frog  spawn"  follicles  characteristic  of 
follicular  trachoma.  Conglomerate  glands  similar  in  structure 
to  the  lachrymal  gland,  sometimes  called  accessory  lachrymal 
glands,  are  also  found  in  the  culs-de-sac  (Krause).  In  the 
superior  cul-de-sac,  especially  numerous  at  its  outer  extremity, 
are  a  number  of  tubular  acinous  glands  lined  with  squamous 
epithelium  (Waldeyer,  Germany,  nineteenth  century) .  The  se- 
cretion from  them  is  almost  identical  with  that  from  the  lachry- 
mal gland,  but  it  is  much  more  abundant.  In  fact,  the  fluid  that 
keeps  the  eye  constantly  moist,  is  from  these  glands  and  the  con- 
junctival vessels,  and  not  from  the  lachrymal  gland — the  secre- 
tion from  the  latter  gland  being  called  into  play  only  on  special 
occasions,  as  when  crying.  The  lachiymal  gland  may  be  re- 
moved, and  the  comfort  and  usefulness  of  the  eye  not  impaired. 
However,  should  the  secretion  from  the  conjunctival  vessels  and 
acinous  glands  be  stopped,  the  conjunctiva  would  become  dry, 
the  epithelium  from  the  cornea  peel  off,  and  the  eye  be  lost. 
The  blood  and  nerve  supply  to  this  portion  of  conjunctiva  is 
very  abundant. 

The  ocular  conjunctiva  is  that  portion  covering  the  anterior 
half  of  the  globe  of  the  eye.  It  extends  from  just  in  front  of 
the  equator  to  the  margin  of  the  cornea,  and  across  it  as  the 
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epithelial  layer  of  that  structure.  It  is  covered  by  pavement 
epithelium,  has  no  glands  and  but  few  papillae.  It  is  the  thin- 
nest portion  of  the  conjunctiva,  semi-transparent  and  freely 
movable  owing  to  its  loose  connection  to  the  globe  of  the  eye  by 
loose  connective  tissue.  Its  blood  and  nerve  supply  is  not  as 
abundant  as  to  the  palpebral  portion.  There  is  a  zone  of  lym- 
phatics just  back  of  the  cornea,  which  ramify  throughout  the 
conjunctiva.  The  })lica  semilunaris,  is  a  crescentic  fold  of  con- 
junctiva at  the  inner  angle  of  the  eye.  It  corresponds  to  a 
similar  structure  much  better  developed  in  some  of  the  lower 
animals,  and  to  the  third  eyelids  of  birds,  the  mefflibrana.  nicti 
i<i us.  Some  smooth  muscle  fibres  have  been  found  in  this  fold. 
In  birds,  a  narrow  plate  of  cartilage  sometimes  exists  in  the  fold. 

The  caruncula  lachrymalis,  is  a  small,  red  body  resting 
partly  in  the  anterior  surface  of  the  plica  semilunaris,  at  the 
inner  canthus  of  the  eye.  It  is  composed  of  follicles  resembling 
in  structure  the  Meibomian  glands,  modified  sebaceous  glands, 
fat  cells,  hair  follicles,  the  whole  being  woven  together  by  con- 
nective tissue.  It  secretes  a  whitish  material,  often  present  at 
the  inner  angle  of  the  eye,  especially  in  the  aged. 

Blood- Vessels. — The  conjunctiva  is  rich  in  blood-vessels. 
From  the  orbital  group  of  the  ophthalmic  artery  it  receives 
blood  from  the  following  branches:  the  lachrymal,  palpebral, 
frontal,  nasal,  and  supra-orbital;  the  muscular  and  anterior 
ciliary,  from  the  ocular  group  of  the  ophthalmic ;  the  angular, 
from  the  facial;  the  infra-orbital,  from  the  internal  maxillary; 
and,  by  anastomosis,  from  the  anterior  temporal,  middle  tem- 
poral and  transverse  facial.  The  distribution  of  blood  to  the 
palpebral  conjunctiva  is  chiefly  from  the  arterial  arches — two  for 
the  upper,  one  for  the  lower  lid — which  lie  on  the  anterior  surface 
of  the  tarsal  cartilage  near  the  borders  (see  cut  on  p.  ).  From 
these  arches  numerous  small  branches  are  given  off  which  must 
pierce  the  cartilage  before  reaching  the  palpebral  conjunctiva. 
The  fornix  conjunctivae  also  receives  many  arterial  branches 
from  the  arches  at  the  orbital  borders  of  the  lids.  The  arteries 
in  the  fornix  conjunctiva?  continue  directly  into  the  ocular  con- 
junctiva, supplying  it  with  most  of  its  blood.  The  anterior  cil- 
iary arteries,  however,  from  the  four  recti  muscles,  before  pierc- 
ing the  sclera  just  back  of  the  cornea,  give  off  branches,  which 
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supply  the  ciliary  region  of  the  ocular  conjunctiva,  and  anasto- 
mose with  the  vessels  from  the  posterior  portion  of  the  conjunc- 
tiva. Loop-ending  branches  from  the  anterior  ciliary  arteries 
extend  into  the  limbus  conjunctivae,  and  form  an  important 
factor  in  the  nutrition  of  the  cornea.  The  veins  of  the  conjunc- 
tiva empty  into  the  temporal,  the  angular  of  the  facial,  and  the 
ophthalmic.  The  veins  from  the  limbus  conjunctivae,  and  the  an- 
terior portions  of  the  ocular  conjunctiva  corresponding  to  the  an- 
terior ciliary  arteries,  empty  chiefly  into  the  anterior  ciliary  veins. 
The  blood-vessels  of  the  conjunctiva  are  superficial  and  deep. 
The  superficial  vessels  of  the  ocular  conjunctiva  move  when  that 
membrane  is  moved,  and  are  easily  distinguished  from  the 
deeper  vessels  in  the  sub-con junctival  cellular  tissue,  which  do 
not  move  at  all,  and  which  disappear  near  the  margin  of  the 
cornea. 

Nerves. — The  nerves  of  the  conjunctiva,  like  the  blood-ves- 
sels, are  also  abundant  and  in  the  same  parts,  the  palpebral  and 
limbus  conjunctivae  being  the  most  abundantly  supplied.  The 
ophthalmic,  the  smallest  branch  of  the  fifth  (trigeminus),  is  the 
chief  source  of  supply.  The  lachrymal  and  nasal  branches  from 
this  division  of  the  fifth  supply  the  conjunctiva  of  the  upper  lid, 
the  superior  cul-de-sac,  and  the  ocular  conjunctiva.  The  ocular 
and  palpebral  branches  from  the  superior  maxillary,  the  second 
division  of  the  fifth,  supply  the  conjunctiva  of  the  lower  lid. 
The  exact  termination  of  the  nerve  filaments  in  the  conjunc- 
tiva is  yet  a  disputed  point.  Club-shaped  endings  have  been 
found  (Kolliker),  but  most  of  the  fibres  have  free  endings  be- 
tween the  epithelial  cells.  These  nerves  are  closely  associated 
with  the  ciliary  nerves,  as  are  also  branches  of  the  ophthalmic, 
which  supply  the  ciliary  muscle  and  iris.  The  spasm  of  accom- 
modation, often  present  when  the  conjunctiva  is  inflamed,  is  ex- 
plained by  this  close  association.  Indirectly,  through  the  ciliary 
nerve,  a  severe  inflammation  of  the  conjunctiva,  may  even  lead 
to  irritation  of  the  retina. 

Physiology. — Besides  helping  to  retain  the  eye  in  position, 
the  main  function  of  the  conjunctiva,  is  to  form  a  covering  for 
the  inner  surfaces  of  the  eyelids  and  the  outer  surface  of  the 
anterior  half  of  the  eyeball,  and,  by  its  secretion,  to  keep  the 
opposing  surfaces  moist  and  lubricated,  allowing  of  free  move- 
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ment  without  friction,  at  the  same  time  preserving  the  delicate 
structure  and  clearness  of  the  cornea,  by  keeping  it  always  moist. 

THE  ANATOMY  OF  THE  CORNEA. 
i  ( 'ornu,  a  horn.) 

The  cornea  forms  the  anterior  one-sixth  of  the  external  sur- 
face of  the  eye.  It  is  a  perfectly  clear,  transparent  membrane 
and  ellipsoidal  in  shape.  Its  shape  is  due  to  an  overlapping  of  the 
margins  of  the  cornea,  above  and  below,  by  the  sclera.  As  a 
rule,  the  transverse  diameter  is  the  longer  and  less  curved,  while 
the  vertical  diameter  is  shorter  and  more  curved.  This  fact  is 
daily  confirmed  by  measurements  with  the  ophthalmometer. 
The  fibrous  tissue  of  the  cornea,  is  a  direct  continuation  from 
that  of  the  sclera,  but  the  cornea  projects  out  from  the  sclera  in 
front  like  the  segment  of  a  smaller  sphere  from  a  larger  one,  or 
as  a  watch-crystal  from  its  case.  The  cornea  is  slightly  thinner 
at  its  centre  (-^g-  inch  thick)  than  at  the  periphery  where  it  is 
v.V  inch  in  thickness.  The  refractive  index  is  variously  esti- 
mated from  1.3365  (Helmholtz)  to  1.342. 

Histological  Elements. — Fibrous  connective  tissue;  ce- 
ment-like substance ;  corneal  corpuscles — flat,  fusiform. branched, 
and  lymphoid,  or  the  so-called  wandering  corpuscles  of  the  cor- 
nea; epithelium  and  endothelium;  nerves;  loops  of  blood-ves- 
sels at  the  periphery. 

Structure. — From  without  inward,  the  cornea  is  composed 
of  five  layers. 

1.  Epithelial  layer,  continuous  from  the  conjunctival  epi- 
thelium. 

2.  Anterior  limiting  membrane,  Bowman's  or  Eeichert's 
membrane. 

3.  True  corneal  tissue,  a  transparent,  fibrous  tissue. 

1.  Posterior  limiting  membrane,  or  elastic  lamina,  Desce- 
met's  membrane. 

5.  Endothelial  layer,1  a  single  layer  of  polygonal  cells,  lin- 
ing the  posterior  surface  of  Descemet's  membrane. 

1  This  layer  is  usually  incorrectly  called  the  posterior  epithelial  layer.  But 
as  the  polygonal  cells  on  the  posterior  surface  of  Descemet's  membrane,  line  a 
serous  cavity — the  anterior  chamber — they  are  in  fact  endothelial,  not  epithelial, 
cells. 
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The  epithelial  layer  (e,  Fig.  9),  is  a  continuation  of  the  con- 
junctival epithelium  upon  the  cornea. 

There  are  several  strata  or  layers  of  these  epithelial  cells: 
the  most  anterior  layers  are  squamous  in  character  with  flat- 
tened nuclei.  The  next  layers  make  a.  gradual  transition  from 
squamous  to  fusiform,  while  the  deepest  layers  approach  in 
shape  to  the  columnar,  and  rest  vertically  on  the  underlying 
basement  (Bowman's)  membrane.  The  epithelial  layer  is  very 
thin,  2  53Q  0  inch  thick,  and  quite  transparent. 

The  anterior  limiting  membrane  (b,  Fig.  9),  of  Bowman,  the 

next  layer  of  the  cornea,  is  a  firm,  dense,  perfectly  transparent 

_e     membrane.     It  is  fibrillar  in  structure, 

~5     being  formed  of  very  delicate  fibrils  of 

the  same  fibrous  tissue  that  enters  into 

the  formation  of  the  true  corneal  tissue, 

but  is  denser  than  this,  and  has  no  corneal 

a      corpuscles  in  it.     By  some,  this  layer  is 

fig.  9._Vertical  section  of    considered  a  true,  homogeneous,  hyaline 

the  cornea    (H.T.Potter  de?.)    membrane.     It  is  not  easily  affected  by 

e,  Epithelial  layer;  b,  Bowman's  ^  ^ 

membrane  ;p  true  corneal  tissue;    chemical  agents.     In  thickness  it  varies 

d,    Descemefs    membrane ;    e',       n  ^  j         •  -[  n  i 

endothelial    cells     lining  Desce-      Irom   5~0  0~0   t0   2T"00"  0I  an  mcn« 

met's  membrane.  The    trUC    COmeal    USSU6    (p,    Fig.    9), 

lying  between  Bowman's  membrane  in  front  and  Descemefs 
membrane  behind,  forms  the  greater  thickness  of  the  cornea, 
measuring  about  2V  inch  in  thickness.  It  is  composed  of  deli- 
cate, transparent,  fibrous  connective-tissue  fibrillae,  which  are 
joined  into  bundles  and  these  again  into  lamellae,  fifty  to  sixty 
in  number.  The  fibres  of  each  lamella  run  parallel  to  one  an- 
other and  to  the  surface  of  the  cornea,  but  at  right  angles  to 
the  lamellae  in  front  and  back  of  it.  Fibres  often  pass  from  one 
lamella  to  another  at  an  acute  angle.  This  fibrous  tissue  form- 
ing the  cornea  proper,  is  a  direct  continuation  from  the  sclera,  of 
the  fibrous  connective  tissue,  the  essential  difference  between  the 
two  is,  that  the  corneal  lamella?  are  transparent,  while  the  scle- 
ral are  opaque. 

The  fibrillae,  bundles,  and  lamellae  are  joined  together  by  a 
semi-fluid,  cement-like  substance,  in  which  are  left  numerous 
star-shaped  spaces  {corneal  spaces),  which  are  connected  to  one 
another  by  narrow  canals.     Each  corneal  space  contains  a  cell 


THE    CORNEA. 


35 


— corneal  corpuscle — which  gives  off  delicate  processes,  to  join 
processes  from  other  cells.  These  corpuscles  are  nucleated  and 
rilled  with  a  granular  protoplasm.  In  the  corneal  spaces  and 
the  canals  joining  the  spaces  are  also  found  wandering  cells 
(Engelmann),  which  arc  claimed  to  he  lymphoid  corpuscles;  they 
are  in  constant  motion,  having  amoeboid  qualities. 

The  posterior  limiting  membrane  or  elastic  lamina  (d,  Fig. 
9),  generally  known  as  Descemet's  membrane,  is  a  very  thin 
GrsVo  m('n  thick  at  the  margin,  and  ^Vtf  thick  at  the  centre), 
structureless,  basement  membrane,  closely  adherent  to  the  pos- 
terior surface  of  the  corneal  tissue  proper.  It  is  very  elastic, 
and,  when  peeled  off  from  its  attachment  to  the  true  cornea, 
rolls  up  with  its  attached  surface  innermost.  It  is  quite  brittle, 
so  much  so  that  it  is  sometimes  fractured.  At  its  margin  it  is 
continuous  with  the  ligamentum pectinatum  iridis.  It  resists 
most  chemical  agents,  being  the  toughest  layer  of  the  cornea. 

The  endothelial  layer  (e',  Fig.  0),  consists  of  a  single  layer  of 
flattened,  polygonal,  nucleated  cells  lining  the  posterior  surface 
of  Descemet's  membrane.  They  are  of  a  similar  character  to 
the  endothelial  cells  lining  the  serous  cavities.  Their  function 
is  to  secrete  a  small  portion  of  the  aqueous  humor. 

Nerves. — The  nerves  going  to  supply  the  cornea,  are  derived 
chiefly  from  the  two  or  three  long  ciliary  nerves  of  the  nasal 


Fig.  10.— Nerve  Sitply  of  the  Cornea,  Frog's.    (After  Landois  and  Stirling.)    r.  Nerve  nucleus 
in  substantia  propria;  o,  fibre  from  it;  p  and  b,  termination  of  fibres  in  epithelial  layer. 

branch  of  the  ophthalmic.  Some  branches  are  derived  from  the 
short  ciliary  nerves  given  off  from  the  lenticular  ganglion,  and 
some  branches  from  nerves  supplying  the  conjunctiva — the  lach- 
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rymal  and  infra-trochlear  nerves.  The  ciliary  branches  pierce 
the  sclera  to  enter  the  Cornea,  the  conjunctival  branches  enter 
through  the  limbus  conjunctivae,.  Immediately  upon  entering 
the  corneal  tissue,  the  nerve  branches — twenty-five  to  forty-five 
in  number — lose  their  medullary  sheaths  (are  therefore  trans- 


Fig.  11.—  Nerve   Supply  of  the  Cornea,  Frog's.     (After  Landois  and  Stirling.)     n,  Nerve  fibre 
and  nucleus  from  which  a  second  fibre,  o,  is  given  off. 

parent)  and  arrange  themselves  into  two  networks  in  the  corneal 
substance  proper. 

The  denser  network  (a,  Fig.  11)  is  formed  just  back  of  Bow- 
man's membrane.  From  this  numerous  fine  branches  are  given 
off,  which  pierce  Bowman's  membrane,  to  ramify  in  the  epithe- 
lial layer  and  terminate  in  free  endings,  the  exact  nature  of 
which  has  not  as  yet  been  proven.  The  second  network,  more 
delicate  than  the  first,  and  with  right-angled  meshes,  is  situated 
just  in  front  of  Descemet's  membrane.  Branches  from  this 
supply  the  posterior  layers  of  the  cornea. 

At  the  periphery  of  the  cornea,  in  the  anterior  portion  of  the 
true  corneal  substance,  there  is  a  zone  about  -^  inch  wide,  which 
contains  loops  of  blood-vessels.  These  are  capillaries  from  the 
episcleral  branches  of  the  anterior  ciliary  arteries,  and  a  few 
from  the  arteries  supplying  the  conjunctiva — lachrymal  and 
infra-trochlear. 
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Arcus  Senilis  (senile  bow,  or  Gerotoxon,  r^f)0}V,  old  man, 
and  rogov}  bow). — The  white  ring  at  the  periphery  of  the  cornea, 
often  seen  in  advanced  life,  is  a  condition  of  old  age,  or  of  poor 
vitality  in  middle  life.  It  begins  as  a  crescent  at  the  upper 
and  lower  margins  of  the  cornea,  giving  to  it  an  ellipsoidal  ap- 
pearance, the  long  axis  being  horizontal.  The  ends  of  the 
crescents  finally  meet  at  the  outer  and  inner  borders  of  the  cornea, 
when  the  circle  is  complete.  The  inner  margin  of  the  a  reus 
senil is  shades  off  gradually  into  the  clear  cornea,  but  the  outer 
margin  is  clearly  cut  and  well  defined,  leaving  a  narrow  rim  of 
clear  cornea  between  it  and  the  limbus  conjunctivae.  In  marked 
cases  of  arcus  senilis,  the  limbus  conjunctiva?  sometimes  has 
grayish  white  crescents  above  and  below  the  cornea,  which 
finally  meet  at  the  outer  and  inner  margins,  as  do  the  crescents  in 
the  corneal  tissue.  The  arcus  senilis  is  situated  at  the  periphery 
of  the  cornea,  and  in  the  layer  of  the  true  corneal  tissue.  In  ad- 
vanced stages,  it  may  affect  DescemeVs  membrane,  even  Bow- 
man's, and  the  epithelial  layer.  It  is  due  to  a  fatty  degenera- 
tion of  the  loops  of  the  blood-vessels  at  the  periphery  of  the 
cornea,  or  to  the  deposition  of  colloid  material  (Fuchs). 

Physiology. — The  chief  function  of  the  cornea  is  to  transmit 
and  refract  ra}Ts  of  light.  Owing  to  the  fact  that  the  cornea 
separates  a  rarer  medium,  the  air,  from  a  denser  medium,  the 
aqueous  humor,  it  exerts  a  greater  refractive  power  on  rays  of 
light,  than  any  single  agent  in  the  dioptric  system  of  the  eye, 
even  greater  than  the  crystalline  lens.  It  is  therefore  the  most 
active  medium  in  the  eye,  in  bringing  rays  of  light  to  a  focus  on 
the  retina,  and  hence  its  great  importance  in  the  estimation  of 
the  refraction. 

THE  ANATOMY  OF   THE  SCLERA. 
(cn/j/pog,  hard.) 

The  sclera  is  a  dense,  white,  fibrous  membrane,  which  to- 
gether with  the  cornea  forms  the  complete  outer  tunic  of  the 
eyeball.  The  cornea  forms  the  anterior  one-sixth,  and  the  sclera 
the  posterior  five-sixths  of  the  tunic.  The  outer  surface  of  the 
sclera,  is  smooth  except  where  the  recti  and  oblique  muscles  are 
attached.     It  is  connected  to  the  capsule  of  Tenon,  by  loose  con- 
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nective  tissue,  and  to  the  ocular  conjunctiva  in  front  by  denser 
connective  tissue.  That  portion  of  the  sclera  seen  between  the 
lids  when  open  is  popularly  called  "the  white  of  the  eye."  The 
inner  surface  conforms  to  the  outer  surface  of  the  choroid,  and 
is  joined  to  it  and  the  ciliary  body  by  a  delicate  connective  tissue 
— lamina  fusca. 

The  thickness  of  the  sclera  varies.  It  is  thinnest  anteriorly, 
near  the  corneal  margin,  -^  inch,  and  thickest  posteriorly  near 
the  optic  nerve  entrance,  2V  inch,  where  it  is  divided  into  sev- 
eral layers.  The  outer  layers  join  the  outer  layers  of  the  sheath 
of  the  optic  nerve,  which  is  derived  from  the  dura  mater ;  the 
middle  layers  join  the  inner  layers  of  the  sheath  of  the  optic 
nerve,  which  are  derived  from  the  pia  mater  and  arachnoid; 
the  inner  layers  continue  directly  across  the  optic  nerve  entrance 
into  the  eye,  but  are  perforated  by  many  fine  openings,  forming 
the  lamina  cribrosa.  Through  these  openings,  the  bundles  of 
optic  nerve  fibres  denuded  of  their  medullary  sheaths  pass.  At 
the  same  time*,  the  fibrous  tissue  of  the  sclera  forming  the  lamina 
cribrosa  joins  the  sheaths  (medullary)  of  these  nerve  fibres. 
The  largest  opening  at  the  centre  of  the  lamina  cribrosa  transmits 
the  central  retinal  artery  and  is  known  as  the  poms  opticus. 

Histological  Elements. — Fibrous  connective  tissue ;  elastic 
fibres;  connective-tissue  corpuscles ;  pigment  cells. 

Structure. — In  structure  the  sclera  is  quite  similar  to  that 
of  the  cornea.  In  fact  they  continue  directly  into  each  other, 
and  differ  essentially  in  but  one  particular,  and  that  is,  in  the 
fibrous  connective  tissue  going  to  make  both  structures.  This 
tissue  is  opaque  and  white  in  the  sclera,  but  quite  transparent 
in  the  cornea. 

The  connective-tissue  bundles,  which  in  the  cornea  are  trans- 
parent, flattened  and  laid  down  more  or  less  regularly  in  lamella?, 
are  opaque  in  the  sclera,  not  so  much  flattened,  and  run  for 
the  most  part  in  two  directions — longitudinally  with  the  axis  of 
the  eye,  and  equatorially,  or  around  the  eye.  Most  of  the  fibres 
in  the  sclera  run  longitudinally.  The  circular  fibres  are  most 
numerous  near  the  inner  surface  of  the  sclera,  and  just  back  of 
the  sclero-corneal  junction,  where  they  form  a  small  band. 
This  band-like  appearance,  is  increased  by  the  expansion  of  the 
tendinous  insertions  of  the  recti  muscles  at  this  zone  of  the  sclera. 
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The  elastic  fibres,  are  between  the  fibrous  connective-tissue 
bundles,  and  help  to  bind  them  together.  From  the  inner  sur- 
face of  the  sclera,  they  are  prolonged  into  the  lamina  fusca, 
which  attaches  the  sclera  to  the  choroid. 

The  connective-tissue  corpuscles,  are  flattened  corpuscles  cor- 
responding to  the  branched  corpuscles  found  in  the  cornea. 
They  are  situated  in  cell  spaces  between  the  fibrous  bundles, 
and  are  sometimes  stained  by  granular  pigment. 

The  pigment  cells,  are  of  two  kinds :  polyhedral  branched  cells 
and  round  cells.  They  are  most  numerous  near  the  inner  surface 
of  the  sclera,  and  near  the  blood-vessels  and  nerves,  where  they 
penetrate  it.  Some  eyes  have  an  excessive  pigmentation  of  the 
sclera,  and  in  consequence  have  a  dark,  slaty  color.  Again,  dark 
spots  may  be  found  on  the  sclera,  anteriorly,  in  some  eyes  that 
are  perfectly  healthy.  These  spots  are  due  to  a  collection  of 
pigment  cells  at  the  points  where  the  anterior  ciliary  veins  pierce 
the  sclera. 

Blood- Vessels. — The  blood  supply  to  the  sclera  is  from  the 
ciliary  system — the  long,  short,  and  anterior  ciliary  arteries. 
The  short  ciliary  arteries,  pierce  the  sclera  near  the  optic  nerve, 
and  supply  the  choroid  and  ciliary  processes,  besides  sending 
numerous  branches  to  the  scleral  plexus  behind  (posterior  vas- 
cular zone,  or  zone  of  Zinn)  near  the  optic  nerve  entrance.  From 
this  zone,  branches  go  to  the  optic  nerve,  and  anastomose  with 
branches  of  the  central  retinal  artery  is  thus  established.  The 
only  direct  connection  between  the  retinal  and  ciliary  systems. 
The  long  ciliary  arteries,  two  in  number,  usually  pierce  the  sclera 
obliquely,  near  the  optic  nerve,  run  forward  between  the  sclera 
and  choroid,  and  supply  the  choroid  and  iris.  In  addition,  they 
send  many  fine  branches  to  the  scleral  plexus  in  front  (anterior 
vascular  zone). 

The  anterior  ciliary  arteries,  are  derived  chiefly  from  the 
muscular  arteries.  They  pierce  the  sclera  just  back  of  the  cor- 
nea, and  go  chiefly  to  supply  the  iris  and  ciliary  bod)7,  but,  like 
the  long  ciliary  arteries,  they  send  many  fine  branches  to  the 
anterior  ciliary  zone. 

The  anterior  ciliary  zone,  is  a  fine  meshwork  of  vessels,  situ- 
ated on  the  anterior  surface  of  the  sclera,  just  back  of  the  sclero- 
corneal  junction.     The  anterior  ciliary  arteries  furnish  most  of 
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the  branches  in  this  plexus,  a  few  being  derived  from  the  long 
ciliary.  This  zone  is  plainly  visible  in  inflammations  of  the 
uveal  tract  and  the  sclera.  Branches  from  it,  anastomose  with 
conjunctival  vessels.  At  the  sclero-corneal  junction,  near  the 
inner  surface,  is  a  venous  sinus  called  Schlemm's  canal.  This 
canal  is  lined  by  endothelium  and  encloses  a  plexus  of  fine  veins. 
It  communicates  with  the  anterior  chamber,  the  anterior  ciliary 
veins,  and  with  veins  from  the  sclera.  Near  the  equator  of  the 
eye,  the  sclera  is  pierced  obliquely  by  the  vence  verticosce  from 
the  choroid. 

Anatomists  are  divided  in  opinion,  as  to  whether  nerves 
lying  on  the  inner  surface  of  the  sclera,  actually  enter  its 
structure.1 

THE   HUMOKS    OF   THE    EYE. 
I. 

AQUEOUS  HUMOR. 

The  aqueous  humor  is  a  clear,  slightly  viscid,  serous  fluid 
filling  the  anterior  chamber  of  the  eye.  It  is  composed  chiefly 
of  water  (96.687  parts),  a  small  amount  of  albumin  (0.1223 
part),  together  with  sodium  chloride  (about  3.1907  parts),  and 
a  small  amount  of  extractive  matter.  The  entire  weight  of  the 
aqueous  is  about  3^  to  5  grains.  It  is  alkaline  in  reaction,  has 
a  specific  gravity  1.0053,  and  a  refractive  index  1.3366.  The 
aqueous  humor  is  secreted  by  the  blood-vessels  of  the  iris  and 
ciliary  body,  chiefly  the  latter,  and  is  quickly  reproduced  when 
evacuated  by  a  puncture  of  the  cornea.  It  fills  both  portions  of 
the  anterior  chamber  of  the  eye.  The  anterior  chamber  is  the 
space  between  the  posterior  surface  of  the  cornea,  and  the  an- 
terior surface  of  the  iris,  and  the  central  portion  of  the  anterior 
capsule  of  the  lens.  The  "posterior  chamber,  is  the  space  between 
the  posterior  surface  of  the  iris  near  its  periphery,  and  the 
anterior  surface  of  the  lens  near  its  periphery,  the  zone  of  Zinn 
and  the  ciliary  body. 

1  Henle  :  "  Handbuch  d.  Sinnes- Apporate, "  p.  599. 
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II. 

VITREOUS   HUMOR  OR  HYALOID   BODY. 
{Vitreum,,  glass;  baTiog,  (/lass;  dtiog,  like.) 

The  vitreous  humor,  or  corpus  vitreum,  is  a  transparent, 
gelatinous  substance  filling  the  interior  of  the  eyeball  back  of 
the  lens.  It  is  surrounded  by  a  very  delicate,  transparent,  hya- 
loid membrane,  which  is  closely  attached  to  the  retina,  optic 
disc,  and  zone  of  Zinn.  The  vitreous  body  is  concave  in  front 
for  the  reception  of  the  posterior  convex  surface  of  the  lens. 
The  hyaloid  membrane  which  surrounds  the  vitreous,  is  want- 
ing in  this  cup  (lenticular  fossa)  in  front.  At  this  point,  it 
unites  with  the  edge  of  the  posterior  capsule  of  the  lens. 


Fig.  12.— Vertical  Section  of  the  Eyeball.    (Schematic.    H.  T.  Potter  del.)    a,  Cloquet's  canal : 
e,  ciliary  processes  ;  v,  vitreous;  s,  Schlemiii's  canal;  m,  ciliary  body. 

Histological  Elements. — Gelatinous  matter ;  cells;  nuclei; 
connective-tissue  fibres  (?);  homogeneous  structureless  sub- 
stance of  the  basement  membrane. 

Structure. — The  exact  structure  of  the  vitreous  is  a  matter 
still  undecided.  Histologists  differ  in  their  opinions  as  to  its  for- 
mation.    Some  claim  it  to  be  an  entirely  homogeneous  structure 
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without  any  framework,  while  the  greater  number  believe  it  to 
have  a  very  delicate  reticulum  of  cellular  tissue,  which  supports 
the  semi-fluid,  gelatinous  substance.  Hannover  (Germany,  nine- 
teenth century)  has  even  claimed  that  membranes  run  through 
the  vitreous,  dividing  it  into  segments,  making  a  formation  some- 
what like  that  found  in  an  orange.  Stilling  (Germany,  nine- 
teenth century)  describes  a  cortical  substance  which  seems  to  be 
formed  into  concentric  layers,  surrounding  a  nucleus  that  is 
situated  a  little  forward  of  the  centre  of  the  vitreous.  Various 
shaped  cells  and  also  nuclei,  have  been  described  as  existing  in  the 
vitreous,  especially  in  the  cortical  portion.  These  cells  are  abun- 
dant in  foetal  life,  but  diminish  very  much  after  birth.  They 
are  of  many  shapes — round,  oval,  flat,  and  branched ;  some  are 
nucleated,  while  others  have  a  granular  appearance.  Extending 
through  the  centre  of  the  vitreous  from  the  optic  papilla  to  the 
posterior  pole  of  the  lens,  is  a  canal  about  2V  to  -^  inch  in  diameter 
— CloqueVs  canal.  In  fcetal  life  it  contains  the  hyaloid  artery; 
but  after  birth  it  is  empty  and  is  supposed  to  be  a  lymph-canal. 

Nutrition. — The  vitreous  has  no  nerves  or  blood-vessels. 
It  depends  for  its  nutrition  upon  the  lymph  thrown  out  from  the 
blood-vessels  of  the  adjacent  structures — upon  the  uvea  princi- 
pally, and  the  retina.  The  refractive  index  is  1.3366,  the  same 
as  that  of  the  aqueous  humor.  Owing  to  its  cupped  (concave) 
surface  in  front,  the  vitreous  diverges  rays  of  light.  It  thus 
acts  as  a  negative  or  concave  lens.  Because  of  its  dependence 
upon  the  uveal  tract  and  retina  for  nutrition,  any  affection  of 
these  structures  usually  affects  the  vitreous  indirectly.  Hence 
the  frequency  of  vitreous  disturbances  in  association  with  dis- 
eases of  the  choroid  and  retina. 

Physiology. — The  chief  function  of  the  vitreous  body  is  to 
maintain  the  shape  of  the  eye,  and  to  keep  the  contiguous 
structures  in  position,  that  is,  the  retina  from  becoming  detached, 
and  the  lens  from  dislocation.  The  eye  would  of  course  collapse, 
were  it  not  filled  with  a  body  like  the  vitreous  humor. 

Senile  Changes. — Sometimes  a  fatty  degeneration  of  the 
cells  and  reticulum  of  the  vitreous  takes  place,  which  gives  this 
humor  a  dirty  or  cloudy  appearance.  By  the  same  means  the 
vitreous  becomes  liquefied.  The  impaired  sight  of  advanced 
life,  is  due  in  some  measure  to  the  former  condition. 
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III. 

THE  CRYSTALLINE  LENS. 

The  crystalline  lens  is  a  biconvex  lens.  It  is  disc-shaped,  per- 
fectly transparent  and  elastic.  It  is  surrounded  by  a  perfectly 
transparent  capsule  which  is  also  very  elastic.  The  lens  in  its 
capsule,  is  held  in  position  by  a  suspensory  ligament,  the  zone 
of  Zinn.  The  most  anterior  and  posterior  portions  of  the  lens 
are  called  its  poles,  anterior  and  posterior,  while  its  periphery 
or  edge  is  called  the  equator.  The  straight  line  joining  the 
poles  is  called  the  axis  of  the  lens.  The  average  transverse  di- 
ameter of  the  lens  is  4ls  of  an  inch,  while  the  antero-posterior 
diameter,  the  axis,  varies  from  -^  to  ■£%  of  an  inch.  The  axis  of 
the  lens  corresponds  with  the  optic  axis,  or  nearly  so.  However, 
the  summit  of  the  anterior  surface  of  the  lens  may  be  as  far  as 
two  degrees  to  the  temporal  side  of  the  corneal  axis  (Helmholtz, 
Knapp),  which  axis   practically   coincides  with  the  optic  axis. 


Fig.  13.— Nuclear  Zone  of  the  Lens.    (After  Babuchin.) 

The  anterior  surface  of  the  lens  is  less  curved  than  the  posterior, 
and  lies  in  contact  with  the  posterior  surface  of  the  iris,  except 
near  its  periphery.  The  posterior  surface  is  more  curved  and 
lies  in  the  cupped-out  surface,  hyaloid  or  lenticular  fossa,  of  the 
front  portion  of  the  vitreous  body.  The  radius  of  curvature  of 
the  anterior  surface  is  yf  of  an  inch,  and  of  the  posterior  surface 
yV  of  an  inch.  The  average  refractive  index  is  1.4371  (Helm- 
holtz). The  whole  weight  of  the  lens  is  not  more  than  four  to 
five  grains.  It  is  composed  of  sixty  parts  of  water ;  thirty-five 
parts  of  soluble,  and  two  and  a  half  parts  of  insoluble,  albumi- 
nous matter ;  two  parts  of  fat,  with  some  cholesterin. 

Histological  Elements. —  Lens  proper:  lens  fibres; 
amorphous  cement  substance. 

Capsule:  homogeneous,  elastic  substance ;  epithelial  cells. 
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Zonule  of  Zinn:  homogeneous,  elastic  fibres. 

Structure. — The  lens  is  composed  of  lens  fibres  arranged  into 
concentric  layers  externally  to  form  the  cortex,  which  surrounds  a 
central  hardened  mass,  the  nucleus.  The  cortex  is  soft  and  suc- 
culent, especially  in  young  subjects,  and  is  easily  removed  from 
the  nucleus  when  the  capsule  of  the  lens  is  ruptured.  The 
nucleus,  although  small  in  young  subjects,  is  firm  and  not  easily 
crushed  between  the  fingers  when  removed  from  the  eye.  As 
age  advances,  the  nucleus  increases  in  density,  the  lens  fibres 
lose  part  of  their  watery  elements  and  become  sclerosed,  and 
at  the  same  time  assume  a  yellowish  or  brownish  tint,  espe- 
cially in  very  old  subjects.  By  oblique  illumination,  this  en- 
larged and  sclerosed  nucleus,  might  be  mistaken  for  an  incipient 


Fig.  14.  Fig.  15. 

Fig.  14.— Diagram  showing  Position  of  Lens  Fibres.  (H.T.Potter  del.)  A  B,  Axis  of  lens; 
c,  anterior  pole:  d,  posterior  pole;  g,  tail  of  inverted  Y  on  anterior  surface  of  the  lens;  h,  tail  of 
erect  Y  on  the  posterior  surface  of  the  lens;  /,  lens  fibres. 

Fig.  15.— Section  of  Crystalline  Lens  from  a  Horse.  (H.  T.  Potter  del.')  c,  Capsule;  a,  cor- 
tical fibres;  b,  nuclear  fibres. 

cataract  by  an  inexperienced  observer.  Transmitted  light 
with  the  ophthalmoscope  quickly  reveals  the  true  condition  of 
affairs.  Both  the  cortex  and  the  nucleus,  are  formed  from  lens 
fibres.  These  fibres  have  their  origin  in  the  epithelial  cells  lin- 
ing the  posterior  surface  of  the  anterior  portion  of  the  capsule. 
They  are  hexagonal  in  shape,  those  in  the  cortex  having  nuclei 
which  are,  for  the  most  part,  limited  to  a  narrow  zone  of  the 
lens  near  its  equator,  and  have  given  to  it  the  name  nuclear  zone 
(Fig.  18).  The  lens  fibres  are  so  arranged  in  the  formation  of 
the  lens,  that  parts  of  each  fibre  lie  on  both  surfaces  of  the  lens; 
for  example,  a  fibre  beginning  near  the  anterior  pole  of  the  lens 
extends  to  the  equator,  curves  around  it  and  extends  a  short 
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distance  on  the  posterior  surface ;  another  fibre  begins  a  little 
further  from  the  anterior  pole,  extends  parallel  to  the  first,  and 
is  joined  to  it  by  its  dentated  edge,  curves  around  the  equator 
or  edge  of  the  lens,  and  ends  a  little  fur- 
ther back  on  the  posterior  surface  than 
did  the  first  fibre.  Fibre  after  fibre,  is 
laid  down  in  this  way,  until  the  posterior 
pole  is  reached  (see  Fig.  14).  The  begin- 
ning and  ending  of  the  fibres  are  along 
straight  lines:  these  lines  are  present  in 
each  layer  of  the  cortex.  The  layers  are 
situated  one  directly  above  the  other, 
down  to  the  nucleus,  and  give  to  the  lens 
an  appearance  as  if  divided  by  seams. 
There  are  usually  three  such  seams  on 
each  surface  of  the  lens,  radiating  from 
the  poles  to  the  periphery.  Those  on  the 
front  surface  resemble  the  letter  Y  in- 
verted (A),  and  those  on  the  posterior  sur- 
face the  letter  Y  erect.  Branching  seams 
may  be  given  off  from  these  main  seams, 
these  seams  often  become  opaque  first,  and  when  viewed  by 
transmitted  light  with  the  ophthalmoscope,  a  star-shaped  figure 
is  seen. 

The  lens  fibres  forming  the  nucleus,  are  not  so  smooth  as 
those  entering  into  the  structure  of  the  cortex;  being  of  earlier 
growth  they  are  surrounded  and  pressed  upon  by  the  cortical 
fibres  of  more  recent  growth.  They  are  shorter,  firmer,  not 
nucleated,  and  lie  almost  parallel  to  the  axis  of  the  lens,  joined 
by  dentated  edges  as  in  the  cortex.  The  nucleus  is  quite  dense 
and  has  a  high  index  of  refraction,  1.4541  (Krause,  Germany, 
nineteenth  century).  It  increases  in  density  as  age  advances, 
the  cortical  layers  of  the  lens  also  becoming  firmer.  Post- 
mortem changes,  however,  quickly  liquefy  the  outer  cortical 
layers,  converting  them  into  a  cloudy  white  fluid — liquor  Mor- 
gagni  (Morgagni,  eighteenth  century ). 

Capsule  of  the  Lens. — The  capsule  is  a  transparent,  struc- 
tureless membrane  surrounding  the  lens.  It  is  very  flexible,  and 
when  ruptured  rolls  up  with  its  outer  surface  inward.   It  is  divided 


Fig.  16.— Vertical  Section 
of  the  Crystalline  Lens  from 
the  Horse.    (H.  T.  Potter  del.) 

In  incipient  cataract, 
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into  two  portions,  an  anterior  and  a  posterior.  The  anterior  por- 
tion is  thickest  at  the  anterior  pole  (-g-g-^  of  an  inch),  and  grows 
gradually  thinner  as  it  approaches  the  equator  (6  ^0  0  of  an  inch), 
and  is  thinnest  at  the  posterior  pole.  On  the  posterior  surface  of 
the  anterior  portion  is  a  single  layer  of  polyhedral-shaped,  epithe- 
lial cells  containing  round  nuclei.  They  connect  the  posterior 
surface  of  the  anterior  portion  of  the  capsule  to  the  lens,  become 
elongated  toward  the  border  of  the  capsule,  and  form  nucleated 
lenticular  fibres.  By  their  continued  formation  in  apposition  to 
the  lens  fibres  already  present,  they  help  to  enlarge  the  lens, 
perhaps  even  after  birth.     It  is  claimed  by  one  authority  that 


Fig.  17. 


Fig.  18. 


Fig.  17. — Side  View  of  a  Crystalline  Lens  from  a  New-born  Child.     (Arnold.)    The  an- 
terior surface  is  turned  to  the  left,  the  posterior  surface  to  the  right. 

Fig.  18.— Posterior  View  of  a  Crystalline  Lens  from  an  Adult.     (Arnold.) 

the  lens  increases  in  volume  even  to  adult  life  (Priestly  Smith, 
England,  nineteenth  century).  There  are  no  cells  in  the  inner 
surface  of  the  posterior  portion  of  the  capsule.  The  capsule  is 
permeable,  for  through  it  the  lens  imbibes  its  nutrition  from  the 
uveal  tract.  It  has  no  vessels  or  nerves.  In  the  foetus,  the  cap- 
sule is  covered  by  a  vascular  network  formed  from  the  hyaloid 
artery,  which  network  also  helps  to  form  the  pupillary  mem- 
brane present  in  fcetal  life.  Both  begin  to  disappear  in  the  last 
months  of  fcetal  life,  and  at  birth  have,  except  in  rare  instances, 
entirely  vanished. 

The  zone  of  Zinn,  the  suspensory  ligament  of  the  lens, 
zonula  cilia ris  (Zinn,  Gottingen,  1755),  is  a  transparent,  elastic 
structure  holding  the  lens  in  position.  It  is  not  a  solid  mem- 
brane, as  most  commonly  described,  but  is  a  reticular  structure 
composed  of  delicate,  transparent  connective-tissue  fibres.    These 
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fibres  have  their  origin  partly  from  the  ora  serrata,  partly  from 
the  smooth  portion  of  the  inner  surface  of  thepars  ciliaris  retinal, 
chiefly  from  between  the  folds  of  the  ciliary  processes  themselves. 
From  this  origin  the  most  anterior  fibres  go  directly  to  the  front 
surface  of  the  capsule  (z,  Fig.  19) ;  the  most  posterior  fibres  go 
directly  to  the  posterior  surface  of  the  capsule  (z',  Fig.  L9) ;  while 
the  intermediate  fibres  cross,  those  rising  behind  going  to  the 
front  surface  of  the  capsule,  those  rising  in  front  going  to  the 


Fig.  19.— Meridional  Section  through  the  Anterior  Portion  ok  the  Eye.  (H.  T.  Potter 
del.")  C,  Cornea;  S,  sclera;  L,  lens;  A,  angle  of  the  anterior  chamber;  P,  posterior  portion  of  the 
anterior  chamber;  str,  straight  fibres  of  the  ciliary  muscle;  ra,  radiating  fibres  of  the  ciliary  mus- 
cle: r/'.  circular  fibres  on  the  ciliary  muscle;  z,  anterior  fibres  of  the  zonule  of  Zinn;  z',  posterior 
fibres  of  the  zonule  of  Zinn;  ;',  Petit's  canal;  /,  Fontana"s  spaces;  ky  Schlemm's  canal;  y,  pectinate 
ligament :  sp,  sphincter  fibres  of  iris  ;  st,  straight  fibres  of  iris. 

posterior  surface  of  the  capsule.  The  space — canal  of  Petit 
(Petit,  Paris,  eighteenth  century) — between  the  most  anterior  and 
most  posterior  fibres  of  the  zonule  of  Zinn  and  the  periphery  of  the 
lens,  is  not  an  open  space,  but  has  intermediate  fibres  dividing  it 
up  into  a  number  of  small  spaces,  resembling  somewhat  the  spaces 
of  Fontana  at  the  angle  of  the  anterior  chamber.  The  insertion 
of  the  fibres  of  the  zonule  of  Zinn  into  the  anterior  capsule,  is 
a  little  nearer  to  the  anterior  pole,  than  the  insertion  of  the  pos- 
terior fibres  is  to  the  posterior  pole.  The  free  portion  of  the  zone 
of  Zinn  (z  and  z',  Fig.  19)  forms  part  of  the  boundary  of  the 
posterior  chamber,  separating  this  chamber  from  the  vitreous. 
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Physiology. — The  function  of  the  crystalline  lens,  is  to  assist 
in  bringing  rays  of  light  to  a  focus  on  the  retina.  In  consequence 
of  its  elasticity,  and  the  action  of  the  ciliary  muscle,  its  refractive 
power  is  variable.  It  thus  becomes  more  or  less  convex,  accord- 
ing as  near  and  far  objects  are  to  be  clearly  focused  on  the 
retina. 

Senile  Changes. — The  lens  fibres  lose  a  large  portion  of 
their  watery  element,  and  both  the  cortex  and  the  nucleus  be 
come  denser  in  advanced  life.  The  nucleus  may  even  acquire  a 
yellowish  or  brownish  tint,  while  the  whole  lens  becomes  flatter 
and  loses  its  elasticity.  The  changes  in  the  lens  fibres,  may  cause 
radiating  opacities,  and  the  hyaline  substance  is  deposited  upon 
the  posterior  surface  of  the  anterior  capsule.  The  zonule  also 
becomes  weakened,  and  thus  dislocation  of  the  lens  is  favored. 


CHAPTER  III. 

THE   UVEAL  TRACT. 

(Uva,  grapes.) 

Anatomy  of  the  Uveal  Tract. — Choroid. — Ciliary  Body  and  Iris. — Function  of 

Accommodation. 

CHOROID,    CILIARY  BODY,    AND  IRIS. 

The  uveal  tract  forms  the  second  or  middle  tunic  of  the  eye. 
It  is  composed  of  the  choroid,  ciliary  body,  and  iris. 

CHOROID. 
(x6piov,  chorion,  and  eldoq ,  like. ) 

The  choroid  coat,  is  a  thin  and  very  vascular  membrane,  ex- 
tending from  the  entrance  of  the  optic  nerve  into  the  eye,  forward 
between  the  sclera  and  retina  to  the  ora  serrata,  where  it  joins 
the  ciliary  body.  It  forms  the  posterior  seven-tenths  of  the  mid- 
dle tunic,  while  the  ciliary  body  and  iris  form  the  anterior  three- 
tenths.  In  thickness  it  varies  from  g-g-Q-  to  y-g-g-  of  an  inch.  The 
choroid  is  loosely  attached  to  the  sclera,  except  near  the  entrance 
of  the  optic  nerve,  where  it  terminates  in  a  narrow  elastic  ring 
formed  of  connective-tissue  fibres,  and  is  closely  attached  to  the 
sclera  at  this  point.  A  small  number  of  elastic  fibres  extend 
from  the  posterior  border  (ring)  of  the  choroid  to  the  lamina 
cribrosa  and  to  the  neurilemma  of  the  optic  nerve. 

Histological  Elements. — Connective-tissue  fibres;  elastic 
laminae ;  involuntary  muscle  fibres  (Miiller) ;  pigment  cells, 
round  and  branched ;  lymph  corpuscles ;  oval  nucleated  cells ; 
endothelium ;  homogeneous  intercellular  substance ;  blood-ves- 
sels; nerves. 

Structure. — The  choroid  is  composed  chiefly  of  blood-ves- 
sels, it  and  the  ciliary  processes  being  the  most  vascular  struc- 
tures of  the  eye.     Its  layers  from  without  inward  are : 

(1)  Supra-choroidea,  or  lamina  fusca. 
4 
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(2)  Tunica  vasculosa,  composed  of  large  and  medium -sized 
vessels. 

(3)  Membrana  chorio-capillaris,  or  membrana  Ruyschiana. 

(4)  Lamina  vitrea,  or  membrana  limitans. 

There  is  a  uniform  layer  of  pigmented  cells  lining  the  inner 
surface  of  the  lamina  vitrea,  which  was  considered  by  most  old 
authorities  as  belonging  to  the  choroid.  Later  investigations 
teach  us  that  this  layer  really  belongs  to  the  retina,  as  it  is 
formed  from  the  outer  wall  of  the  ocular  vesicle.  This  layer 
will,  therefore,  be  described  with  the  retina. 

The  supra-choroidea  or  lamina  fiisca,  joins  the  choroid  to 
the  sclera.  It  is  composed  of  loose-meshed,  cellular  connective- 
tissue  fibres,  arranged  more  or  less  in  lamellae.  Intermixed  with 
the  connective-tissue  fibres,  are  numerous  elastic  fibres,  pigment 
cells  in  great  numbers,  a  few  round,  but  most  of  them  branched, 
the  branches  anastomosing,  non-pigmented  cells,  free  nuclei  and 
lymph  corpuscles.  A  homogeneous,  structureless  substance  fills 
up  the  intercellular  spaces  and  completes  the  structure.  The 
posterior  ciliary  vessels  and  nerves,  lie  in  this  outer  layer  of  the 
choroid.  Between  this  outer  layer  of  the  choroid  and  the  sclera 
is  a  space  lined  by  endothelium,  peri -choroidal  space.  It  com- 
municates by  means  of  lymph -channels  around  the  venm  vorti- 
cosos,  with  the  lymph-space  in  Tenon's  capsule.  Elsewhere  it  is 
a  closed  sac,  being  one  of  the  lymph-spaces  of  the  eye. 

The  tunica  vasculosa,  the  next  coat  of  the  choroid,  is  com- 
posed mostly  of  blood-vessels,  as  its  name  indicates.  The  ar- 
teries are  from  the  posterior  ciliary — short  and  long.  They  lie 
internal  to  the  veins,  divide  dichotomously,  anastomosing  freely, 
and  finally  empty  into  the  capillary  layer  beneath — membrana 
Ruyschiana.  The  veins  to  this  layer,  which  are  more  numerous 
and  lie  external  to  the  arteries,  are  derived  in  a  great  measure 
from  the  capillary  layer  beneath,  but  receive  many  branches 
from  the  ciliary  body  and  iris  in  front.  These  veins  are  collected 
into  four  to  six  groups,  the  veins  in  each  group  being  directed 
toward  a  common  centre  near  the  equator  of  the  eye.  The 
smaller  veins  uniting  as  they  go  to  form  larger  ones,  finally 
unite  in  one  large  vein,  which,  from  the  peculiar  arrangement 
of  the  veins  forming  it  (the  veins  converging  from  all  points  to 
a  centre  or  vortex),  is  called  vena  vorticosa,  or  collectively  r< mc 
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vorticosce  (2,  2,  Fig.  20).  These  pierce  the  sclera  very  obliquely 
near  the  equator  of  the  eye  and  empty  into  the  ophthalmic  vein. 
The  vessels  forming  the  tunica  vasculosa  lie  in  a  loose  stroma 
composed  of  branched  cells,  pigmented  and  non -pigmented,  and  a 
few  involuntary  muscular  fibres  (Muller).  The  pigmented  cells 
are  most  numerous  in  the  outer  portion  of  the  stroma,  diminish- 
ing gradually  toward  the  inner  portion,  and  disappear  entirely 
in  the  next  or  capillary  layer  of  the  choroid. 

The  membrana  chorio-capillaris,  consists  of  a  very  dense  cap- 
illary network  formed  from  the  short  posterior  ciliary  vessels  (a 


Fig.  20.— Sclera  Removed,  showing  Vex.e  Vorticose.    (H.  T.  Potter  del.)    2,  2,  Venae  vorticosse. 

few  recurrent  branches  from  the  long  posterior  ciliary  vessels  add 
to  it  anteriorly).  In  the  intervening  spaces,  which  are  very 
narrow,  is  a  homogeneous,  structureless  substance.  This  layer 
ends  at  the  ora  serrata,  and  contains  no  pigment  cells. 

The  lamina  vitrea,  is  the  internal  limiting  membrane  of  the 
choroid,  separating  it  from  the  retina.  It  is  a  very  thin  (about 
3-0V0  mcn  thick),  hyaline,  structureless  membrane,  firmly  at- 
tached to  the  capillary  layer  by  its  outer  surface.  Its  inner 
surface  is  covered  by  a  single  layer  of  epithelial  cells,  deeply 
stained  with  pigment  (the  tapetum),  which  belongs  to  the  retina. 

Physiology. — The  structure  of  the  choroid  being  highly 
vascular,  its  chief  function,  together  with  the  ciliary  processes, 
is  to  supply  nutrition  to  the  structures  lying  adjacent — the  lens, 
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vitreous,  and  outer  layers  of  the  retina,  which  are  deficient  en- 
tirely or  partly  of  blood-vessels.  The  lymph  thrown  out  by  the 
choroidal  and  ciliary  vessels,  goes  to  supply  the  lens,  entering 
this  structure  by  means  of  lymph-channels  (?),  the  anterior  por- 
tion of  the  vitreous  and  the  outer  layers  of  the  retina.  The 
visual  purple  (Boll,  Rome,  Kuhne,  Heidelberg,  nineteenth  cen- 
tury), which  may  or  may  not  be  necessary  to  vision  (it  being 
absent  at  the  macula),  is  furnished  in  part  by  the  choroid. 

CILIARY  BODY. 

(KVK/.og,  a  circle.) 

The  ciliary  body,  forms  the  middle  zone  of  the  uveal  tract. 
By  its  position  it  serves  to  connect  the  posterior  zone,  the  cho- 
roid, with  the  anterior  zone,  the  iris.  It  is  about  T2¥  of  an  inch 
wide  antero-posteriorly,  and  is  composed  of  the  ciliary  muscle 
and  the  ciliary  processes.  A  vertical  section  of  the  eyeball  (Fig. 
21)  antero-posteriorly,  shows  the  ciliary  body  to  be  triangular  in 
shape.  The  base  of  the  triangle  is  directed  forward.  The  iris 
has  its  origin  from  the  centre  of  this.  The  apex  is  directed  pos- 
teriorly, where  it  is  joined  to  the  choroid.  The  sides  or  surfaces 
of  the  triangle  look  outward  and  inward.  The  outer  surface  is 
composed  of  straight  muscular  fibres,  and  is  separated  from  the 
sclera  by  the  lamina  fusca,  while  the  inner  surface  is  composed 
of  the  ciliary  processes  and  lies  in  direct  contact  with  the  zonule 
of  Zinn. 

Histological  Elements. — (1)  Ciliary  Muscle. — Unstriated 
muscle  fibres;  connective- tissue  fibres;  blood-vessels;  nerves. 

(2)  Ciliary  Processes. — These  contain  elements  similar  to 
those  found  in  the  choroid,  except  capillaries,  which  they  do  not 
possess,  the  arteries  passing  directly  into  veins.  In  addition,  they 
contains  the  elements  of  thenars  ciliaris  retina',  which  assist  in 
the  formation  of  the  ciliary  processes,  namely:  pigmented  epi- 
thelial cells;  non -pigmented  cylindrical  cells;  homogeneous 
intercellular  substance. 

Structure.  —  (1)  Ciliary  Muscle. — This  forms  the  outer  por- 
tion of  the  ciliary  body  and  is  composed  of  longitudinal,  radiating, 
and  circular  fibres  of  the  non-striated  variety.  They  have  a  com- 
mon origin  from  the  inner  wall  of  Schlemm's  canal,  from  a  ten- 
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dinous  ring  at  the  junction  of  the  cornea  and  sclera,  from  the  liga- 
mentum  pectinatum,  and  from  the  sclerotic  hack  of  the  sclero-cor- 
neal  junction.  From  this  origin  the. longitudinal  fibres  (str,  Fig. 
19),  the  most  external,  run  directly  backward  to  be  inserted  into 
the  outer  layers  of  the  choroid,  opposite  the  ora  serrata.  The 
radiating  fibres  (ra,  Fig.  19)  from  almost  a  meridional  direction 
externally,  gradually  but  completely  change  the  direction  of 
their  course  as  they  go  inward,  until  at  their  innermost  and  most 
anterior  aspect  they  have  an  equatorial  or  circular  course,  giv- 
ing origin  to  the  circular  fibres  or  circular  muscle  of  Muller  (cr, 
Fig.  19),  the  third  and  innermost  portion  of  the  ciliary  muscle. 
(2)  Ciliary  Processes. — These  form  the  innermost  portion  of 


Fig.  21.— Meridional  Section  through  the  Ciliary  Region  of  the  Eye.  i  H.  T.  Potter  del.) 
a.  Iris;  b,  pigment  layer  of  the  iris;  />,  ciliary  processes ;  r,  radiating  fibres  of  the  ciliary  muscle; 
e' ,  longitudinal  fibres  of  the  ciliary  muscle:  e,  large  arterial  circle  of  the  iris;  a  and  c,  cross-section 
of  ciliary  veins  and  arteries  where  they  pierce  the  sclera. 

the  ciliary  body.  They  are  a  continuation  of  the  choroid,  ex- 
cept its  capillary  layer,  and  the  retina,  or  pars  ciliaris  retina'. 
from  the  ora  serrata  forward.  The  choroidal  portion  ends  op- 
posite the  circular  muscle  of  Muller,  where  it  forms  the  anterior 
inner  angle  of  the  ciliary  body.  The  retinal  portion  (jxirs  cil- 
iaris ret i nee),  together  with  the  limiting  membrane  of  the 
choroid,  pass  over  into  and  form  the  posterior  layer  of  the  iris, 
that  is,  the  limiting  membrane  and  posterior  pigment  layer  of 
the  iris.  The  structure  of  the  choroidal  part  of  the  ciliary  proc- 
esses is  almost  identical  with  that  of   the  choroid.     Like  the 
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choroid,  it  has  a  delicate  connective-tissue  stroma  deeply 
stained  with  branched  pigment-cells  giving  to  it  a  black  color, 
whereas  in  the  choroid  the  color  is  more  of  a  brown.  The  ciliary 
processes  are  most  abundantly  supplied  with  blood-vessels,  the 
arteries  apparently  emptying  directly  into  small  veins,  no  capil- 
laries intervening.  In  this  respect  (having  no  capillaries)  it 
differs"  in  structure  from  the  choroid.  The  next  layer,  the  lim- 
iting membrane  of  the  ciliary  processes,  is  a  direct  continuation 
of  the  limiting  membrane  of  the  choroid — a  homogeneous  hya- 
line structure.  The  next  two  layers  are  furnished  by  the  retina, 
being  a  continuation  of  that  structure,  as  pars  ciliaris  retinae 
from  the  ora  serrata  forward  into  the  posterior  surface  of  the 
iris  (b,  Fig.  21).  The  outer  layer  of  the  pars  ciliaris  retinae,  con- 
sists of  a  single  layer  of  retinal  pigment-epithelium,  a  direct 
continuation  of  the  pigment  layer  (tapetum)  of  the  retina.  The 
inner  layer  of  thenars  ciliaris  retinae,  consists  of  a  single  layer  of 
cylindrical  cells  resting  perpendicularly  on  the  outer  pigmented 
epithelial  layer.  The  cylindrical  cells  are  not  pigmented.  They 
are  a  direct  continuation  (as  one  layer  of  cells)  of  all  the  inner 
layers  of  the  retina.  Both  the  choroidal  and  retinal  layers  an- 
teriorly are  thrown  into  longitudinal  or  meridional  folds,  seventy 
to  eighty  in  number,  forming  in  this  way,  the  anterior  or  folded 
part  of  the  ciliary  processes  {p,  Fig.  21).  The  posterior  portion 
of  the  ciliary  processes  is  not  folded,  but  remains  perfectly 
smooth. 

Physiology. — The  ciliary  body  performs  a  double  function. 
The  muscular  portion  is  the  agent  of  the  accommodation  of  the 
eye  for  vision  at  different  distances.  The  ciliary  processes  fur- 
nish nutrition  to  the  lens,  and  the  anterior  portion  of  the  vitre- 
ous, besides  supplying  a  great  part  of  the  aqueous  humor. 

The  changes  which  Helmholtz  and  others  before  him,1  ob- 
served in  the  eye  in  accommodation  for  near  objects  are: 

1.  The  pupil  contracts. 

2.  The  pupillary  margin  of  the  iris  moves  forward. 

3.  The  peripheral  portion  of  the  iris  recedes. 

4.  The  anterior  surface  of  the  lens  becomes  more  strongly 
curved,  and  its  vertex  advances. 

5.  The  posterior  surface  of  the  lens  becomes  a  little  more 

1  "Optique  Physiologique, "  translated  by  Javal  and  Klein,  p.  142.  Paris,  1867. 
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convex  and  does  not  change  its  position  perceptibly.  The  lens 
becomes  also  thicker  in  the  centre.1 

Helmholtz  adds  that  since  the  volume  of  the  lens  must  re- 
main the  same,  we  may  conclude  that  the  oblique  diameter  of 
the  lens  must  be  shortened. 

Helmholtz,  as  had  others  before  him,  argued  from  these  facts 
that  the  changes  in  the  lens  were  sufficient  to  explain  the  func- 
tion of  accommodation.  Young 2  discovered  the  fact  that  the  act 
of  accommodation  lay  in  the  crystalline  lens,  but  he  mistakenly 
supposed  that  the  lens  was  itself  a  muscle.  Cramer  and  Helm- 
holtz, propounded  essentially  the  theories  that  are  as  yet  accepted 
in  regard  to  accommodation,  although  it  must  be  confessed,  that 
there  is  a  difficulty  in  assuming  that  when  the  eye  is  in  a  state 
of  rest,  the  zonule  is  in  a  state  of  tension.  The  lens,  although 
not  a  muscle,  is  an  elastic  body  kept  stretched  by  its  attachment 
to  the  annular  ligament,  as  an  elastic  hoop  would  be  flattened  by 
the  traction  of  two  cords  attached  at  two  opposite  points.3 

MECHANISM   OF  ACCOMMODATION. 

When  the  eye  is  in  a  state  of  rest  the  lens  is  adjusted  to 
vision  at  an  indefinite  distance.  It  is  supposed  to  be  flattened 
by  the  tension  of  its  suspensory  ligament,  the  zonule  of  Zinn. 
It  is  this  supposed  tension  of  the  suspensory  ligament,  when 
the  eye  is  in  a  state  of  rest,  that  has  thrown  doubt  upon  the 
theory  of  accommodation  as  first  plainly  set  forth  by  Helmholtz, 
and  as  now  generally  accepted.  It  is  believed  that  when  the 
ciliary  muscle  is  in  repose,  the  capsule  compresses  the  lens,  and 
thus  increases  its  diameter  and  diminishes  its  convexity.  The 
changes  in  its  convexity,  which  make  it  able  to  focus  rays  from 
near  objects,  which  are  divergent,  is  brought  about  by  the  con- 
traction of  the  ciliary  muscle  acting  again  upon  the  zonule,  so 
that  it  is  relaxed,  and  the  lens  allowed  to  enlarge  in  its  capsule. 
Every  one  is  conscious  of  an  effort — or  may  make  himself  con- 
scious of  an  effort — in  looking  at  near  objects,  and  if  the  effort 
be  continued  too  long  a  sense  of  fatigue  results.     The  function 

1  Archiv  fi'ir  Ophthalmologic.  B.  I.,  Ab.  ii.,  p.  63. 

-  Transactions  Royal  Society.  London,  1793-1801. 

3  John  Green  :    "Handbook  Medical  Science,"  vol.  i.,  p.  4. 
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of  accommodation  may  be  illustrated  by  the  simple  experiment 
of  looking  through  wire  or  other  network  at  a  distant  object. 
When  looking  at  the  distant  object,  the  wires  are  not  seen,  and 
when  looking  at  a  near  one,  the  distant  object  is  lost.  This  is 
conclusive  evidence,  as  Young  long  ago  showed,  that  a  change 
must  take  place  in  the  eye  in  changing  from  distant  to  near  ob- 
jects, or  vice  versa.  When  the  ciliary  muscle  contracts,  the 
choroid  is  drawn  forward  with,  probably,  a  slightly  spiral  mo- 
tion of  the  lens.  The  contents  of  the  globe  situated  posteriorly 
to  the  lens,  are  compressed  and  the  suspensory  ligament  is  re- 
laxed. The  lens  becomes  more  convex  by  virtue  of  its  own 
elasticity  when  the  compressing  and  flattening  action  of  the  sus- 
pensory ligament  is  diminished.  After  death,  when  the  tension 
of  the  zonule  is  artificially  diminished,  the  same  thing  occurs. 
The  lens  is  more  soft  and  more  elastic  in  early  life.  Then  the 
accommodative  power  is  at  its  maximum.  But  it  may  be  said 
that  accommodation  is  a  function  which  begins  to  become  im- 
paired at  a  very  early  age.  Indeed,  the  ciliary  muscle  and  the 
lens  undergo  changes  from  infancy  onward. 

Changes  of  the  Iris  in  Accommodation. — The  pupil  becomes 
smaller  in  accommodating  the  eye  for  near  objects,  but  the  con- 
traction of  the  pupil  is  not  one  of  the  essential  conditions  of  ac- 
commodation. Cases  have  been  known  in  which  the  iris  was 
completely  paralyzed,  but  the  power  of  accommodation  re- 
mained the  same.1 

Donders 2  has  also  shown  that  increased  convergence  of  visual 
lines,  without  any  change  in  the  accommodation,  causes  the 
pupil  to  contract,  and  that  when  accommodation  is  affected 
without  contractions  of  the  visual  axis,  each  stronger  tension  is 
combined  with  contraction  of  the  pupil.  Donders  also  states 
that  by  alternating  accommodation  for  a  remote  and  a  near  ob- 
ject, he  could  voluntarily  contract  and  dilate  the  pupil  more 
than    thirty  times  in  a   minute.     Brown-Sequard,3  quoted   by 


1  Helmholtz  :  "Optique  Physiologique, "  Paris,  p.  151. 

2  "Anomalies  of  Accommodation  and  .Refraction  of  the  Eye."  The  New 
Sydenham  Society,  London,  p.  574. 

8  Brown-Sequard :  "Recherches  experimentales  sur  1' Influence  excitatrice  de 
la  Lumiere,  du  Froid  et  de  la  Chaleur  sur  lTris. "  Journal  de  la  Physiologie,  Paris, 
1859,  tome  ii.,  287,  note. 
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Flint,'  mentions  a  case  in  which  the  pupil  could  be  contracted 
or  dilated  without  changing  the  position  of  the  eye,  or  making 
an  effort  of  adaptation  for  a  long  or  a  short  distance. 

Accommodation  in  the  Lensless  Eye. — One  of  the  best  observed 
cases  of  this  kind  was  fully  described  by  the  late  Dr.  Edward  G. 
Lori  rig.* 

"  The  patient,  a  female,  lost  her  glasses  intended  for  near  work 
while  on  board  ship,  and  had  to  rely  entirely  on  glasses  intended 
for  the  distance.  This  pair  had  now  become  very  much  worn,  and 
she  simply  wished  to  have  them  accurately  measured,  and  a  new 
pair  made  precisely  like  them.  I  found  them  to  be  convex,  three 
and  a  half  inch  focus ;  and,  with  these  glasses,  vision  was  a  little 
better  than  two-thirds  of  the  normal  standard. 

"  To  my  surprise,  the  patient  then  picked  up  a  newspaper,  and 
pushing  this  back  and  forth,  as  persons  ordinarily  do  who  are  trying 
glasses,  remarked  that  she  could  see  perfectly  well,  quite  as  well,  in 
fact,  as  with  the  old  pair.  This  drew  my  attention  more  particularly 
to  the  case,  and  the  result  of  a  more  critical  examination  was  as  fol- 
lows: With  +    — ,  the  patient  read  with  either  eye  fluently  Snellen 

XXX.,  and  was  able,  with  both  eyes,  to  pick  out  most  of  the  letters 
of  XX.  at  twenty  feet.  She  could  read  No.  X.  at  ten  feet,  and  No.  V. 
at  five  feet.  With  the  same  glass,  and  with  no  change  of  position 
on  the  nose,  she  read  No.  1|  Snellen  fluently,  holding  the  book  natu- 
rally at  twelve  inches,  which  was  about  the  distance  at  which  she 
'usually  read.'  The  book  was  then  gradually  withdrawn,  the  pa- 
tient reading  aloud  while  this  was  done.  It  was  found  that  twenty- 
one  and  a  half  inches  was  the  greatest  distance  at  which  No.  1| 
Snellen  could  be  read.  She  read  No.  I.  Jaeger  at  twenty  inches. 
The  book  was  then  advanced  inch  by  inch,  the  patient  reading  aloud, 
till  the  book  was  within  five  inches  of  the  eye.  Inside  of  this,  read- 
ing became  impossible.  These  experiments  were  tried  over  and  over 
again  by  mj-self ,  and  were  finally  repeated  in  the  presence  of  a  brother 
oculist.  This  would  give  the  patient  an  adaptability  of  the  eye  for 
different  distances  from  twenty  feet  (or  parallel  rays)  to  five  inches; 
or,  in  other  words,  an  accommodation  of  i  (A=|),  and  a  relative 
accommodation  for  the  very  finest  print  from  twenty  inches  to  five 

(A=     ).      My  own  range,  measured  at  the  same  time,  was  from 
6| ' 

1  "  Physiology  of  Man, "  vol.  v. ,  p.  109. 
8  Flint,  loc.  cit.,  p.  110. 
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twenty  to  five  inches  (vision  being,  in  my  left  eye,  exceptionally 
large,  f f) . 

"  A  careful  examination  of  the  pupils  showed  that  they  were  of 
the  normal  size,  as  were  the  movements  of  the  iris  in  every  respect. 
With  the  ophthalmoscope,  the  pupillary  space  was  found  in  the  right 
eye  to  be  entirely  free  from  any  remains  of  capsule,  while  in  the  left 
a  narrow  rim  of  the  whitened  membrane  just  encroached  on  the  upper 
pupillary  margin,  but  not  to  such  a  degree  as  to  limit  the  size  of  the 
pupil,  and  thus  to  act  as  a  diaphragm.  The  media  of  the  eye  were 
perfectly  clear,  and  the  ophthalmoscopic  appearances  were  normal  in 
every  respect. 

"  The  patient  promised  to  return,  for  the  purpose  of  having  the 
reflections  of  the  cornea  measured  by  the  optometer,  and  the  facts 
determined  by  the  ophthalmoscope,  whether,  under  accommodative 
efforts,  the  eyeball  became  elongated.  This  she  failed  to  do,  and  the 
case,  as  stated  above,  was  shortly  afterward  reported  to  the  New 
York  Ophthalmological  Society,  April  12,  18(39,  and,  in  July,  1870, 
to  the  American  Ophthalmological  Society.  In  the  index  of  the 
transactions  of  the  American  Ophthalmological  Society  for  that  year, 
it  appears  as  a  case  of  'Apparent  Accommodation  in  a  Lensless 
E}re. '  The  paper,  however,  does  not  appear  in  the  text,  having  been 
withdrawn  at  the  last  moment,  as  there  were  hopes  that  another  ex- 
amination could  be  obtained,  and  the  cause  of  the  accommodation  of 
the  eye  be  definitely  settled. 

"  Two  years  later,  Professor  Forster  published  a  series  of  similar 
cases1  under  the  title  of  'Accommodative  Power  in  Aphakia.'  The 
present  case,  however,  differs  from  those  reported  by  Forster,  in  the 
fact  that  the  range  of  accommodation  wasyJ.-g,  larger  than  the  maxi- 
mum of  any  of  his  cases,  and  from  the  very  important  fact  that 
whenever,  in  any  of  his  cases,  vision,  both  for  the  far  and  near,  was 
taken,  different  glasses  were  used.  In  this  case,  the  same  glasses 
were  used,  worn  in  the  same  position,  for  all  distances,  from  infinity 
up  to  five  inches  from  the  eye.  So,  too,  in  Woinow's 2  series  of  cases, 
the  range  of  accommodation  was  taken  only  for  the  near,  and 
amounted,  on  the  average,  to  ^. 

"  The  only  case  which  I  know  of  that  bears  a  close  resemblance 
to  the  one  above  stated  was  reported  by  Arlt. 3     In  this  case,  a  young 

'Forster:  " Accommodations- Vermogen  bei  Aphakie, "  Klinische  Monats- 
blatter  fur  Augenheilkunde,  Erlangen,  1872,  Bd.  x.,  S.  39. 

2  Woinow :" Das  Accommodations- Vermogen  bei  Aphakie,"  Archiv f iir  Oph- 
thalmologic,"  Berlin,  1873,  Bd.  xix.,  S.  107  et  seq. 

3 Arlt:  "DieKrankheiten  d.>s  Auges,"  Prag,   L858,  Bd.  ii.,  S.  348. 
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man,   with  convex   — ,  could  read  both  at  six  and  at  twenty-four 

inches,  and  could  recognize  the  hands  of  a  steeple-clock,  at  a  distance 
of  more  than  five  hundred  paces,  with  the  same  glass;  but,  as  neither 
the  size  of  the  print  nor  that  of  the  clock  is  given,  no  accurate  con- 
clusions can  be  drawn  from  the  case. 

"  The  case  observed  by  me  would  then  appear  to  be  the  first — as 
it  is  certainly  the  most  remarkable — subjected  to  the  recognized 
standard  test  of  vision.  Here  the  amount  of  accommodation  was 
equal  to  that  of  a  normal  eye  in  a  young  person ;  and  it  would  seem 
impossible  that  the  ability  to  read  the  finest  print  at  five  inches,  even 
taking  into  consideration  the  magnifying  power  of  the  glass,  could 
be  due  to  the  overcoming  of  the  circles  of  dispersion,  as  is  claimed 
by  the  great  majority  of  physiologists. 

"  Forster's  views  and  the  correctness  of  his  tests  have  been  ob- 
jected to  latterly  by  the  following  writers,  cited  by  Woinow :  viz. , 
Donders,  Mahnhardt,  Coert,  and  Abade.' 

"  Woinow,  on  the  other  hand,  while  he  thinks  that,  in  the  normal 
eye,  accommodation  is  performed  solely  by  the  lens,  believes  that 
some  aphakial  eyes  acquire  accommodative  power,  which  is  neces- 
sarily brought  about  through  the  agency  of  four  factors ;  namely,  the 
cornea,  the  vitreous,  the  action  of  the  ciliary  muscle  and  its  effect 
on  the  bottom  of  the  eye,  and,  finally,  the  effect  of  the  external  mus- 
cles of  the  globe.  Woinow  eliminates  from  this  group  the  cornea, 
while  Forster  makes  it  the  chief  if  not  the  sole  agent.  In  two  cases, 
Woinow  was  able  to  observe  the  reflections  from  the  anterior  surface 
of  the  vitreous  humor,  which,  in  the  absence  of  the  lens,  was  convex, 
as  was  shown  by  the  image  being  upright.  These  reflections  were 
too  weak  to  be  measured  by  the  optometer ;  but  they  were  seen  to 
become  smaller  when  efforts  were  made  to  see  at  close  distances. 

"  It  is  to  be  regretted,  and  it  certainly  appears  a  little  strange, 
that  in  neither  Forster's  nor  Woinow's  cases,  was  either  the  opto- 
meter or  ophthalmoscope  used  in  the  elucidation  of  this  problem. 
But,  while  Woinow's  cases  are,  as  he  himself  says,  not  conclusive, 
yet  they  seem,  like  Arlt's,  Forster's,  and  the  one  just  related,  to  sub- 
stantiate the  view  that  occasionally  a  considerable,  if  not  a  large 
degree  of  accommodation  may  exist,  even  in  a  lensless  eye." 

It  is  still  denied  on  many  sides  that  accommodation  can  ex- 
ist on  a  lensless  eve.  but  I  have  never  been  able  to  reconcile  the 


'Woinow:  Op.    cit..   Archiv  fur  Augenheilkunde,  Berlin,  1873,   Bd.  xix. ,  S. 
108. 
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denial  with  Loring's  case,   and  with  others  that  have  been  re- 
ported. ' 

It  is  interesting  to  note  that  a  Scotch  oculist,  a  pupil  of 
Mackenzie,  who  practised  in  New  York,  William  Clay  Wallace, 
demonstrated  the  muscular  character  of  the  ciliary  muscle,  and 
suggested  a  theory  of  accommodation  nearly  correct,  except 
that  he  attached  too  much  importance  to  the  ciliary  processes,  in 
1836. 2  He  thus  anticipated  Briicke  and  Bowman,  who  are  usually 
said  to  have  discovered  the  muscular  character  of  the  ciliary 
body  independently  in  1841. 

Dr.  Thomas  Young's  observations  on  vision,  read  before  the  Royal 
Society,  May  30th,  1793, 3  are  of  the  greatest  interest.  He  starts  out 
with  the  premise  that  the  eye  can,  by  the  volition  of  the  mind,  be  ac- 
commodated to  view  other  objects  at  a  much  less  distance  than  the 
farthest  that  it  can  see,  but  how  this  accommodation  is  effected,  he 
says,  has  not  yet  been  satisfactorily  explained.  He  mentions  the 
theories  of  accommodation  of  Kepler,  Descartes,  who  with  John 
Hunter  thought  the  crystalline  to  be  muscular;  De  La  Hire,  who 
maintained  that  the  eye  undergoes  no  change  except  the  contraction 
and  dilatation  of  the  pupil ;  Pemberton,  who  also  supposed  the  crys- 
talline to  contain  muscular  fibres,  and  Porterfield,  who  believed  that 
the  ciliary  processes  drew  the  crystalline  forward,  and  made  the  cor- 
nea more  convex.  Other  hypotheses  are  mentioned,  and  then  he 
gives  his  own  conclusions,  based  on  the  observation  of  Dr.  Porter- 
field,  who  found  that  those  who  had  been  operated  upon  for  cataract 
by  depression  of  the  lens  no  longer  had  the  power  of  accommodating 
the  eye  to  different  distances,  and  he  concludes  that  the  ra}Ts  of  light 
coming  from  objects  situated  a  small  distance  away,  could  only  be 
brought  to  a  focus  on  the  retina,  by  a  nearer  approach  of  the  crystal- 
line to  the  spherical  form,  and  he  continues  that  he  could  imag- 
ine no  other  power  capable  of  producing  this  change,  than  a  muscle 
of  a  part  or  the  whole  of  its  capsule. 

He  then  states,  that  examining  the  crystalline  humor  of  an  ox, 
turned  out  of  its  capsule,  he  discovered  a  structure  which  removed 
all  the  difficulties.  He  describes  the  lens  of  the  ox  as  an  orbicular, 
convex  body,  composed  of  a  considerable  number  of  transparent  coats, 
and  he  thinks  that  each  of  these  coats  consists  of  six  muscles  attached 
to  six  tendons.     His  theory  of  the  accommodation  is,  therefore,  the 

'David  Webster:  Archives  of  Pediatrics,  vol.  x.,  No.  11,  p.  932,  Nov.,  1893. 

2  "The  Structure  of  the  Eye,  "  New  York.  Wiley  &  Lon#,  183(5. 

3  Transactions  of  the  Royal  Society  of  London  for  the  year  1793,  Part  2d,  p.  169. 
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same  as  that  of  Mr.  Hunter.  But,  as  he  puts  it,  "  when  the  will  is 
exerted  to  view  an  object  at  some  distance,  the  influence  of  the  mind 
is  conveyed  through  the  lenticular  ganglion  formed  from  branches 
of  the  third  and  fifth  pair  of  nerves  by  the  filaments  perforating 
the  sclerotica  to  the  orbicularis  ciliaris,  and  thence  by  the  ciliary 
processes  to  the  muscle  of  the  crystalline,  which,  by  the  contraction 
of  its  fibres,  becomes  more  convex,  and  collects  the  diverging  rays 
to  a  focus  on  the  retina."  He  continues  that  when  he  first  observed 
the  structure  of  the  crystalline,  he  was  not  aware  that  its  muscularity 
had  ever  been  suspected,  and  he  quotes  Leeuwenhoek,  who  also  had 
said  that  the  fibres  of  the  crystalline  were  muscular.  Dr.  Young's 
drawings  of  the  appearance  of  the  lens  are  nearly  correct,  even  after 
the  lapse  of  a  hundred  years,  but  his  conclusions  as  to  the  nature  of 
its  transparent  coats  are  manifestly  wrong. 

Anticipating  Young,  John  Hunter '  made  the  anatomy  of  the 
lens  the  subject  of  the  Croonian  Lecture,  but  he  died  before  his 
observations  were  complete.  The  paper  read  was  by  his  relative, 
Everard  Home,  who  says  that  Mr.  Hunter  had  an  idea  for  many 
years  that  the  crystalline  humor  was  enabled  by  its  own  internal 
action  to  adjust  itself  so  as  to  adapt  the  eye  to  different  distances. 
Mr.  Hunter  examined  the  eye  of  the  cuttle-fish,  which  he  found  com- 
posed of  laminae,  whose  appearance  was  evidently  fibrous  for  some 
depth  from  the  external  surface,  but  becoming  less  and  less  distinct 
till  at  last  this  fibrous  appearance  was  entirely  lost.  He  concluded 
from  this,  that  in  the  eye  of  the  cuttle-fish  the  exterior  parts  of  the 
humor  are  fibrous,  the  interior  parts  not,  so  that  the  central  part  is  a 
nucleus  round  which  the  fibrous  coverings  are  placed.  Mr.  Hunter 
began  his  experiments  by  the  assumption  that  there  ought  to  exist 
an  analogy  between  this  humor,  if  muscular,  and  others  of  a  similar 
structure,  which  led  him  to  expect  that  they  would  be  acted  upon  by 
the  same  stimuli,  and  having  found  that  a  certain  degree  of  heat  ap- 
plied through  the  medium  of  water,  will  excite  muscular  action  after 
almost  every  other  stimulus  had  failed,  he  applied  this  to  the  crys- 
talline humor.  The  lens  taken  from  animals  recently  killed,  was  im- 
mersed in  water  of  different  temperatures,  and  placed  in  such  a  man- 
ner as  to  form,  by  a  proper  apparatus,  the  image  of  a  well-defined 
object,  so  that  any  change  of  the  place  of  that  image,  from  the 
stimulating  effects  of  the  warm  water  upon  the  humor,  would  be 
readily  ascertained.  Mr.  Hunter  had  gone  thus  far  with  his  experi- 
ments, but  he  did  not  make  sufficient  progress  to  enable  him  to  draw 
any  conclusions.     He,  however,  writes  to  Sir  Joseph  Banks,  claim- 

1  Transactions  of  the  Royal  Society  of  London,  1794,  Part  1st,  p.  21. 
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ing  the  discovery  of  the  crystalline  humor  as  being  muscular. 
Mr.  Hunter,  in  this  letter,  goes  on  to  say,  that  there  is  a  power  in 
the  eye  by  which  it  can  adapt  itself  to  different  distances,  far  too 
extensive  for  the  simple  mechanism  of  the  parts  to  effect.  He  then 
goes  on  to  give  the  views  of  different  writers  on  this  subject  of  ac- 
commodation, and  he  adduces  the  fact  that  in  many  animals  the 
shape  of  the  eyes  is  unalterable,  as  in  all  of  the  whale  tribe.  The 
sclerotic  coat  is  above  one-half  an  inch  thick,  while  in  many  fish 
this  coat  is  composed  of  cartilage,  and  he  says  that  in  all  birds  the 
anterior  part  is,  he  believes,  composed  of  bone. 

From  all  these  considerations,  Mr.  Hunter  says,  that  he  saw  no 
power  that  could  adapt  the  eye  to  the  various  distances  of  which  we 
find  it  capable  in  the  human  body,  unless  we  suppose  the  lens  to  be 
varied  in  figure,  which  can  only  be  effected  by  a  muscular  action 
within  itself.  Here  Mr.  Hunter  evidently  assumed  too  much,  but 
starting  out  with  such  a  premise  he  came  very  easity  to  his  incor- 
rect conclusion,  as  he  says,  with  this  idea  strongly  impressed  on  his 
mind,  finding  that  in  many  animals  when  the  crystalline  humor  was 
coagulated,  it  had  a  fibrous  structure  like  muscles,  it  seems  to  him  to 
confirm  his  view,  and,  continuing,  he  attempts  to  get  the  proof. 
Knowing  that  in  all  violent  deaths  the  muscles  contract,  he  supposed 
the  crystalline  humor,  if  muscular,  would  show  signs  of  this  effect. 
For  this  purpose,  he  got  the  e}Tes  of  bullocks  when  removed  from  the 
sockets  the  moment  the  animal  was  knocked  down,  and  while  the 
eyes  were  warm  the  humors  were  removed.  After  making  the  notes 
up  to  this  point,  Mr.  Hunter  suddenly  died.  Mr.  Home  continues 
the  subject  by  the  statement  that  Leeuwenhoek  had  discovered  a 
fibrous  appearance  in  the  crystalline  lens,  but  he  claims  for  Mr. 
Hunter  that  he  discovered  an  eye,  in  which  this  structure  of  the  lens 
was  perfectly  distinct.  It  is  now  unnecessary  to  say  that  Mr.  Hunter's 
discovery  was  no  discovery  at  all.  With  our  better  knowledge  of  an- 
atom}r,  we  have  been  able  to  demonstrate  that  Mr.  Hunter's  muscle, 
with  its  fibres,  was  of  an  entirely  different  substance — that  there  is 
no  muscle  whatever  in  the  crystalline  lens,  but  that  its  change  in 
form  is  due  to  muscular  force  exerted  upon  it  from  without. 

The  second  paper  by  Thomas  Young  was  read  before  the  Royal 
Society  of  London,  on  November  7th,  1800.  Donders  pays  a  high 
tribute  to  this  great  paper,  as  being  one  of  the  foundation-stones  in 
the  construction  of  his  edifice.  It  was  the  Bakerian  lecture  on  the 
mechanism  of  the  eye.1     He  alludes  in  it  to  a  paper  published  just 

1  Philosophical  Transactions  of  the  Royal  Society  of  London  for  the  year  1801, 
Part  1st,  p.  23,  where  he  says  Mr.  Hunter  had  anticipated  iiini  in  his  opinions. 
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one  hundred  years  ago,  of  which  mention  has  just  been  made.  He 
is  combating  the  hypothesis  of  the  muscularity  of  the  crystalline 
lens,  as  Everard  Home,  then  dead,  had  also  done,  and  he  begins 
with  some  general  remarks  on  the  sense  of  vision,  with  certain 
dioptrical  propositions  founded  on  the  works  of  Newton,  and  he 
presents  an  optometer.  On  measuring  his  own  cornea  he  found 
the  vertical  diameter  or  chord  to  be  T*05u-  of  an  inch,  while  the 
horizontal  diameter  or  chord,  was  nearly  -j4„!,<r  and  its  radius  -j3^. 
He  states  that  his  own  eye  in  a  state  of  relaxation  collects  to  a  focus 
on  the  retina  those  rays  which  diverge  vertically  from  an  object  of  a 
distance  of  ten  inches  from  the  cornea,  and  the  rays  which  diverge 
horizontally  from  an  object  at  seven  inches  distance,  for,  as  he  says, 
"  if  I  hold  the  plane  of  the  optometer  vertically,  the  images  of  the  line 
appear  to  cross  at  ten  inches,  if  horizontally,  at  seven  inches."  This 
was  the  discovery  of  astigmatism.  He  says  he  never  experienced 
any  inconvenience  from  this  imperfection,  nor  did  he  discover  it 
until  he  made  these  experiments.  He  observes,  also,  that  a  Mr.  Cary 
informed  him  that  he  frequently  had  taken  notice  of  a  similar  cir- 
cumstance— that  many  persons  were  obliged  to  hold  a  concave  glass 
obliquely  in  order  to  see  distinctly,  counterbalancing,  by  the  inclina- 
tion of  the  glass,  the  too  great  refractive  power  of  the  eye  in  the  di- 
rection of  that  inclination.  This  is  continued  to  this  day,  by  certain 
near-sighted  persons  who  thus  correct  their  astigmatism,  and  prefer 
this  kind  of  correction  to  the  use  of  cylindrical  glasses.  Dr.  Young 
continues  that  this  difference  is  not  in  the  cornea,  for  it  exists  when 
the  influence  of  the  cornea  is  removed.  He  ascribes  his  astigmatism 
to  the  obliquity  of  the  uvea  and  of  the  crystalline  lens,  which  is  about 
ten  degrees.  Dr.  Young  determined  the  refractive  power  of  the  crys- 
talline lens  by  an  experiment  suggested  to  him  by  Dr.  Wollaston. 
He  first  found  the  refractive  power  of  the  centre  of  the  human  lens 
to  that  of  water,  to  be  as  21  to  20.  But  on  the  whole,  he  says,  it  is 
probable  that  the  refractive  power  of  the  centre  of  the  human  lens, 
in  its  living  state,  is  to  that  of  water  nearly  as  18  to  17,  and  after 
death  "21  to  20.  Dr.  Young  continues  to  remark  on  the  evidence  of 
his  astigmatism  in  saying :  "  "When  I  look  at  a  minute  point,  such  as 
the  image  of  a  candle  in  a  small  concave  speculum,  it  appears  as  a 
radiated  star,  as  a  cross,  or  as  an  unequal  line,  and  never  as  a  perfect 
point,  unless  I  apply  a  concave  lens  inclined  at  a  proper  angle  to  cor- 
rect the  unequal  refraction  of  my  eye." 

He  continues  with  an  experiment  showing  the  different  form  of 
the  images,  as  he  brings  the  point  nearer  or  removes  it  farther 
off.     Dr.  Young  then  goes  on  to  say  that  the  power  of  accommo- 
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dation  of  the  eye  to  various  distances  appears  to  exist  in  very  dif- 
ferent degrees  in  different  persons.  He  himself  can  see  an  ob- 
ject f|  of  an  inch  for  vertical  rays  and  f  £  of  an  inch  for  horizontal. 
He  remarks  that  he  has  reason  to  believe  that  the  faculty  dimin- 
ishes as  persons  advance  in  life.  Dr.  Young  answered  Mr.  Porter- 
field's  arguments  for  the  power  of  accommodation  without  the 
presence  of  a  lens,  because  he  seems  to  think  that  if  it  could 
be  proven  that  there  was  accommodation  in  aphakia,  it  was  also 
shown  that  the  lens  took  no  part  in  accommodation.  Dr.  Young 
certainly  proved  that  the  accommodation  does  not  depend  on  any 
change  in  the  curvature  of  the  cornea,  or  in  any  material  alteration 
of  the  length  of  the  eyeball,  and  he  deduces  from  the  fact  of  the  ab- 
errations of  the  lateral  rays,  a  decisive  argument  in  favor  of  a  change 
in  the  figure  of  the  crystalline  lens.  Certainly,  his  labors  made  an 
epoch  which,  though  often  alluded  to,  has  never  been  fully  recog- 
nized by  all  the  writers.  His  paper  was  the  first  great  step  in  the 
determination  of  the  principal  factor  in  accommodation,  and  the  first 
description  of  astigmatism.  As  to  the  latter,  it  so  happened  that  his 
investigations  proved  that  he,  himself,  had  an  unusual  form  of  that 
error.  We  now  know  that  corneal  astigmatism,  with  the  greatest 
refraction  in  the  vertical  meridian,  is  far  more  common  than  lenticu- 
lar astigmatism,  or  than  corneal  astigmatism  with  the  greatest  re- 
fraction in  the  horizontal  meridian. 

The  function  of  nut  n't  ion,  performed  by  the  ciliary  processes 
is  accomplished  through  its  very  rich  blood  supply.  The  nutri- 
tious lymph  thrown  out  from  the  ciliary  processes,  has  only  to 
penetrate  the  zone  of  Zinn,  to  be  in  direct  contact  with  the  lens 
capsule  and  the  anterior  portion  of  the  vitreous.  Through  the 
aqueous  humor  it  is  also  thought  to  help  nourish  the  cornea,  but 
only  slightly. 

Both  of  the  above  functions,  accommodation  and  nutrition, 
of  the  ciliary  body,  are  greatly  facilitated  by  the  mere  fact  of 
the  folded  condition  of  the  ciliary  processes,  a  fact  that  has  not 
always  received  clue  attention.  These  folds  are  for  a  double 
purpose :  First,  to  increase  the  blood  supply  in  this  region ;  sec- 
ond, to  prevent  the  mechanical  detachment  of  the  retina. 

First,  as  to  the  increased  blood  supply.  These  folds  in  the 
ciliary  processes,  like  the  sulci  in  the  brain,  increase  its  surface. 
As  they  are  composed  mostly  of  blood-vessels  the  blood  supply 
to  this  region  is  increased  two  or  three  times  by  this  folding  or 
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plaiting  process.  This  is  a  very  important  condition,  since  the 
lens  has  no  blood -vessels,  and  must  be  supplied  by  the  nu- 
tritious lymph  thrown  out  from  the  ciliary  processes.  There- 
fore, the  great  necessity  of  a  rich  blood  supply  to  them. 

Second,  the  prevention  of  mechanical  detachment  of  the 
retina.  Were  the  ciliary  processes  not  in  plaits  or  folds,  but 
laid  down  perfectly  smooth  on  the  inner  surface  of  the  circular 
muscle,  at  each  contraction  of  tins  muscle  they  would  be  puck- 
ered into  folds,  as  they  must  then  necessarily  occupy  a  less  space 
during   accommodation  or  contraction    of    the  ciliary  muscle. 


Fig.  22.— Changes  in  the  Lens  During  Accommodation.  (Adapted  from  Kramer,  Arlt, 
Eelmholtz,  by  Loring.1)  The  right  hand  of  the  diagram  represents  the  eye  in  a  state  of  rest.  The 
left  shows  accommodation  for  near  vision.  The  iris  is  shown  as  projected  forward  and  contracted 
in  accommodation.    The  ciliary  processes  do  not  touch  the  margin  of  the  lens. 

This  puckering  into  folds,  from  a  perfectly  smooth  condition 
would  tend  to,  if  it  did  not  actually  cause,  a  detachment  at  the 
base  of  each  fold.  Whereas,  if,  as  is  actually  the  case,  the  folds 
existed  before  the  contraction  of  the  muscle,  they  would  only  be 
pressed  tighter  together  during  the  contraction,  to  relax  again 
with  relaxation  of  the  muscle,  and  thus  prevent,  first,  any  ten- 
dency to  separation  of  the  processes  from  the  muscle,  and,  sec- 
ond (as  the  processes  are  made  up  in  part,  by  a  continuation  of 
the  choroid  and  retina  in  a  modified  form  over  their  inner  sur- 
face), detachment  of  the  choroid  and  retina. 

]  "  Text-Book  of  Ophthalmoscopy, "  Part  I. ,  p.  222. 
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III. 

IRIS. 
(IpiC,  a  rainbow. ) 

The  iris  forms  the  third  and  anterior  zone  of  the  uveal  tract. 
It  is  a  thin  membrane  arising  from  the  anterior  and  shortest  side 
of  the  triangular  ciliary  body.  A  few  fibres  are  also  derived 
from  the  ligamentum  pectinatum  iridis,  and  from  the  inner 
wall  of  Schlemm's  canal.  From  this  origin  it  extends  inward 
and  a  little  forward,  having  a  circular  perforation,  the  pupil,  a 
little  to  the  nasal  side  of  its  centre.  The  posterior  surface  of 
the  iris,  except  for  the  radiating  lines  from  the  pupil  to  the 


Fig.  23.— Persistent  Pupillary  Membrane.    (Agnew.1) 

periphery,  is  smooth.  Near  the  pupillary  margin  it  rests  against 
the  anterior  capsule  of  the  lens,  while  near  the  periphery  it  is 
free  from  the  lens,  thus  leaving  a  space  between  the  outer  part 
of  the  posterior  surface  of  the  iris  and  the  lens — the  posterior 
chamber,  or  posterior  part  of  anterior  chamber  (P,  Fig.  19). 
The  anterior  chamber  (anterior  part  of  it)  is  the  space  between 
the  posterior  surface  of  the  cornea,  the  anterior  surface  of  the 
iris,  and  the  central  portion  of  the  anterior  capsule  of  the  lens. 
When  the  pupil  is  widely  dilated,  these  chambers  communicate 
freely.  The  pupil  constantly  varies  in  size  from  muscular  action, 
having  a  mean  diameter  of  about  four  twenty -fifths  of  an  inch. 
1  Transactions  American  Ophthalmological  Society,  vol.  iii.,  p.  110. 
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Allowing  four  twenty -fifths  of  an  inch  as  the  mean  diameter  of 
the  pupil,  the  mean  width  of  the  iris  is  about  four  twenty- 
fifths  of  an  inch.  In  thickness  the  iris  varies  from  one  one- 
hundred- and -twenty-fifth  to  two  one-hundred-and-twenty-fifths 
of  an  inch,  being  thickest  near  the  pupillary  margin. 

The  anterior  surface  of  the  iris  is  uneven,  and  has  well  de- 
fined tracings  which  are  easily  seen  in  the  living  eye,  by  oblique 


Fig.  24.— Anterior  Surface  of  the  Iris.  (H.  T.  Potter  del.)  C,  Ciliary  zone;  P,  pupillary 
zone;  p,  fringe  of  pigment  from  posterior  surface;  /,  smaller  arterial  circle;  e,  crypt;  g,  contraction 
furrows;  d,  pigment  patch. 

illumination.  First,  fine  radiating  lines  are  seen  running  from 
the  periphery  to  the  pupil.  These  are  produced  by  the  under- 
lying blood-vessels  in  the  stroma  of  the  iris,  which  run  from  the 
periphery  to  the  pupillary  margin.  Second,  an  uneven  circular 
line  (/,  Fig.  24),  about  -^  inch  from  and  concentric  with  the 
pupil,  divides  the  anterior  surface  into  two  zones,  a  pupillary 
zone  (P,  Fig.  24),  lying  to  the  inner  side  of  the  line,  and  a  ciliary 
zone  (C,  Fig.  24),  lying  to  the  outer  or  peripheral  side  of  the 
line.  This  circular  line  is  produced  by  the  lesser  arterial  circle 
of  the  iris.  The  radiating  lines  in  the  pupillary  zone,  are  much 
finer  than  those  in  the  ciliary  zone,  because  the  radiating  vessels 
given  off  from  the  lesser  arterial  circle  are  much  smaller  than 
those  given  off  from  the  larger  circle.  The  pupillary  zone  is 
also  at  times  differently  colored  from  the  ciliary  zone.  In  the 
ciliary  zone,  near  the  circular  line,  are  seen  some  facets  (e,  Fig. 
24)  dipping  down  into  the  stroma  of  the  iris:  and  further 
peripherally  in  the  same  zone  are  often  seen,  especially  in  dark 
colored  irides,  five  to  seven  concentric  furrows  (g,  Fig.  24).     All 
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of  these  markings  on  the  anterior  surface  of  the  iris,  are  distinctly 
seen  by  oblique  illumination,  and  should  be  studied  in  the  healthy 
eye,  if  a  correct  diagnosis  is  to  be  made  in  the  different  diseased 
conditions  of  the  iris,  where  they  may  be  greatly  changed  in 
appearance. 

Histological  Elements. — Connective-tissue  fibres;  elastic 
fibres  (from  ligamentum  pectinatum  iridis,  and  in  the  posterior 
limiting  membrane);  non-striated  muscle-fibre;  nuclear  cells; 
pigment  cells,  branched  and  round ;  endothelium ;  amorphous 
intercellular  substance ;  blood-vessels;  nerves. 

Structure. — The  elements  just  named  enter  into  the  forma- 
tion of  the  following  layers  which  go  to  make  the  iris : 

1.  Endothelial  layer. 

2.  Stroma,  or  vascular  layer  of  the  iris. 

3.  Muscle-fibre  layer. 

4.  Posterior  limiting  membrane. 

5.  Pigment  layer. 

The  endothelial  layer,  is  a  direct  continuation  to  the  anterior 
surface  of  the  iris,  of  the  endothelial  cells  lining  the  posterior 
surface  of  Descemet's  membrane.  This  layer  extends  to  the 
pupillary  margin,  and  conforms  to  the  anterior  surface  of  the 
stroma,  except  at  the  facets  (e,  Fig.  24)  in  the  ciliary  zone  of 
the  iris,  where  it  is  wanting.  These  endothelial  cells  are  not 
pigmented,  except  in  very  dark-colored  eyes,  when  some  of  them 
contain  pigment  granules. 

The  stroma  or  vascular  layer,  is  composed  of  connective  tissue, 
branched  and  round  cells  and  blood-vessels.  The  connective- 
tissue  fibres,  are  striated  in  appearance  and  are  woven  together 
loosely  and  irregularly,  having  more  of  a  circular  course  near 
the  pupil,  but  a  radiating  direction  near  the  periphery  of  the 
iris.  The  cells  of  the  stroma  are,  for  the  most  part,  stellate 
with  numerous  branches  joining  one  another,  to  form  a  delicate 
reticular  structure.  Intermixed  with  these  branched  cells,  are 
some  round  cells.  In  dark-colored  irides,  both  the  branched  and 
pigment  cells,  have  pigment-granules  in  them  which  are  ab- 
sent in  blue  eyes  and  albinos.  The  blood-vessels,  which  are  very 
numerous  in  the  iris,  are  derived  from  the  larger  arterial  circle 
at  the  base  of  the  iris,  and  run  in  a  radiating  direction  in  the 
stroma  toward  the  pupil.     Near  the  pupil  these  vessels  form  a 


IRIS.  69 

second  or  lesser  arterial  circle,  from  which  very  fine  radiating 
arteries  are  given  off,  which  extend  to  the  edge  of  the  pupil  to 
empty  into  veins.  The  arteries,  lie  nearer  the  anterior  surface 
of  the  stroma,  while  the  veins,  lie  nearer  the  posterior  surface. 
It  is  to  these  blood-vessels  covered  by  the  stroma,  that  the  radi- 
ating lines,  seen  by  oblique  illumination  in  the  anterior  surface 
of  the  iris,  are  due. 

The  muscle-fibre  layer  is  imperfect.  The  muscle-fibres  are  of 
the  non-striated  variety,  and  are  collected  into  a  narrow  band 
(sp,  Fig.  16)  in  the  posterior  portion  of  the  stroma,  near  the 
margin  of  the  pupil.  This  narrow  circular  band,  sphincter 
pupillce,  is  the  active  agent  in  closing  the  pupil.  The  existence 
of  radiating  muscular  fibres,  dilator  pupillce,  is  doubtful.  The 
dilatation  of  the  pupil  is  brought  about  by  the  elastic  action  of 
the  next  layer  of  the  iris. 

The  limiting  membrane,  which  has  its  origin  at  the  periphery 
of  the  iris  and  extends  to  the  margin  of  the  pupil,  is  a  hyaline 
membrane,  possessing  elasticity  and  perhaps  contractility,  to 
which  latter  quality  the  dilatation  of  the  pupil  is  now  thought 
to  be  due.  The  pigment  layer,  is  a  continuation  of  the  pars 
cilia ris  retinae  on  to  the  posterior  surface  of  the  iris.  It  extends 
to  the  margin  of  the  pupil,  where  it  can  be  seen  as  a  black  fringe 
(p,  Fig.  24).  This  black  fringe  to  the  pupil,  is  especially  notice- 
able when  the  pupil  is  contracted,  or  when  a  cataract  is  present, 
the  white  background  of  the  cataract  sharply  contrasting  with 
the  black  fringe  of  the  pupil.  Two  layers  of  cells  go  to  form 
the  pigment  layer.  Embryology  shows,  that  the  inner  layer 
is  the  direct  continuation  of  the  pigment-layer  or  tapetum  of 
the  retina,  and  that  the  posterior  layer,  is  a  continuation  of  the 
inner  layers  of  the  retina  condensed  into  one  layer  of  cells. 
Both  layers  of  cells,  except  in  albinotic  eyes,  are  filled  with 
granular  pigment. 

The  suspensory  ligament  of  the  iris,  or  ligamentum  pectina- 
tum  i rid  is,  is  derived  from  Descemet's  membrane,  and  consists 
of  fine,  elastic  fibres,  so  arranged  as  to  form  a  delicate  reticular 
structure  filling  up  the  angle  between  the  periphery  of  the  cornea 
and  the  iris.  From  this  reticular  structure,  the  elastic  fibres 
are  continued  into  the  front  surface  of  the  iris,  some  of  its  fibres 
also  into  the  anterior  portions  of  the  ciliary  body,  choroid,  and 


70  ANATOMY    AND    PHYSIOLOGY. 

sclera.  When  the  iris  is  torn  from  the  sclera  and  ciliary  body, 
in  some  of  the  lower  animals  these  elastic  fibres  project  out 
somewhat  like  the  teeth  in  a  comb;  hence  the  name,  ligamentum 
pectinatum  iridis.  In  the  reticular  structure  itself,  at  the  angle 
of  the  anterior  chamber,  are  found  numerous  spaces  or  sinuses, 
the  spaces  of  Fontana,  or  Fontana's  canal  (Fontana,  eighteenth 
century),  which,  in  many  of  the  lower  animals,  are  quite  well 
developed.  These  spaces,  as  well  as  the  elastic  fibres  forming 
this  ligament,  are  lined  by  the  endothelium  which  passes  over 
from  the  posterior  surface  of  Uescemet's  membrane.  The  liga- 
ment, in  fact,  furnishes  a  bridge  or  continuity  of  issue  for  the 
endothelial  layer  on  the  posterior  surface  of  the  cornea,  to  pass 
over  to  the  anterior  surface  of  the  iris.  The  outer  fibres  of  the 
ligamentum  pectinatum  form  the  inner  wall  of  Schlemm's  canal, 
and  the  spaces  (Fontana's)  in  this  ligament  communicate  freely 
with  the  canal  of  Schlemm.  The  posterior  fibres  lie  in  direct 
contact  with  the  anterior  surface  of  the  ciliary  body,  making  it 
easy  again  for  Fontana's  spaces,  and,  through  these,  for  the 
anterior  chamber  to  communicate  directly  with  the  ciliary  body. 
The  inner  fibres  of  the  ligamentum  pectinatum,  form  the  outer 
boundary  of  the  anterior  chamber,  at  the  angle  between  the 
periphery  of  the  cornea  and  the  iris. 

The  color  of  the  iris,  as  blue,  gray,  pink,  brown,  or 
black,  depends  upon  the  amount  of  pigment  the  structure 
contains.  Pigment  is  present,  except  in  albinos,  in  the  pos- 
terior or  pigment  layer  of  the  iris.  If  there  is  no  pigment 
present  in  the  branched  stroma-cells  in  front,  the  posterior  pig- 
ment layer,  though  perfectly  black,  is  seen  through  the  stroma 
(by  interference  phenomena)  as  blue;  or,  if  the  stroma  is  very 
thick,  as  gray.  When  the  stroma-cells  also  contain  pigment, 
the  iris  appears  brown,  or,  if  they  contain  a  great  deal  of  pig- 
ment, black.  In  albinos,  the  iris  contains  very  little  if  any 
pigment,  and  in  consequence  appears  pinkish  in  color.  In  in- 
fants the  almost  universal  color  of  the  iris  is  blue. 

The  pupillary  membrane,  or  part  of  it,  may  remain  after 
birth.  This  is  a  delicate,  semi-transparent,  vascular  membrane 
filling  up  the  pupil  during  foetal  life.  It  consists  of  a  looped 
meshwork  of  blood-vessels  coming  from  the  anterior  surface  of 
the  iris,  and  of  vessels  that  cover  the  capsule  of  the  lens  during 
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foetal  life.'  Between  the  seventh  and  eighth  months  of  foetal 
life,  the  vessels  begin  to  be  absorbed  at  the  centre  of  the  pupil, 
and,  at  birth,  as  a  usual  thing,  have  disappeared  altogether. 

Physiology. — The  iris  aids  in  the  act  of  vision:  First,  by 
controlling  the  amount  of  light  allowed  to  go  into  the  eye;  sec- 
ond, by  cutting  off  the  marginal  or  oblique  rays  of  light. 

First,  as  to  the  quantity  of  light  going  into  the  eye.  In  a 
very  strong  light  the  pupil  contracts,  thus  preventing  too  much 
light  from  entering  the  eye  and  dazzling  it.  On  the  other  hand, 
in  a  very  weak  light,  the  pupil  dilates  to  admit  as  much  light 
as  necessary  to  form  a  clear  retinal  image.  The  iris,  with  its 
central  perforation — the  pupil — is  a  self-adjusting  diaphragm. 
It  is,  therefore,  regulated  by  the  intensity  of  the  light  coming 
upon  the  retina  (the  pupil  acting  reflexly  through  the  retina). 
It  also  acts  in  association  with  accommodation  and  convergence, 
and  also  reflexly  through  the  sympathetic  nerve. 

Second,  the  iris  aids  in  vision  by  cutting  off  the  marginal 
rays  of  light.  The  oblique  or  marginal  rays  of  light,  passing 
through  the  periphery  of  the  cornea  would,  if  unobstructed  by 
the  iris,  also  pass  through  the  margin  of  the  lens,  come  to  a 
focus  quicker  than  those  rays  of  light  passing  through  the  centre 
of  the  lens,  and  thus  form  diffusion  circles 2  on  the  retina,  with 
consequent  blurring  of  the  retinal  images.  Again,  by  cutting 
off  these  marginal  rays,  the  iris  prevents  chromatic  aberration, 
a  color  phenomenon  produced  by  rays  of  light  passing  through 
the  extreme  edge  of  a  lens.  The  iris  thus  increases  acuity  of 
vision  by  rendering  the  lens  of  the  eye  achromatic. 

The  movements  or  reaction  of  the  iris,  are  of  two  kinds — re- 
flex and  associated.  They  are  controlled  by  the  oculo-motor  or 
third  nerve,  and  by  a  branch  from  the  cervical  sympathetic. 
The  oculo-motor  nerve  through  the  lenticular  ganglion,  supplies 
the  sphincter  muscle  of  the  iris,  and  causes  the  pupil  to  contract 
when  it  is  stimulated  either  directly  or  reflexly.  The  pupil  be- 
comes dilated  and  fixed,  when  this  nerve  is  paralyzed.  The 
sympathetic  branch  to  the  lenticular  ganglion,  is  derived  from 
the    cervical   sympathetic.     It    supplies    the   posterior    limiting 

'See  Fig.  33. 

2  Diffusion  circles  are  produced  by  rays  of  light  coming  to  a  focus  before  they 
reach  the  retina,  and  crossing,  as  in  myopia  :  or  in  not  coming  to  a  focus  at  all, 
as  in  hypermetropia.     See  Myopia  and  Hypermetropia. 
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membrane  of  the  iris,  and  through  that  membrane,  produces 
dilatation  of  the  pupil  when  it  is  stimulated.  If  the  sympa- 
thetic branch  is  paralyzed,  it  allows  the  pupil  to  contract. 

The  reflex  reaction  of  the  pupil,  is  brought  about  either  by 
the  action  of  light  directly  in  the  eye,  or  by  sensory  stimuli  ap- 
plied to  any  portion  of  the  body.  Light  always  causes  contrac- 
tion of  the  pupil,  sensory  stimuli  always  produce  dilatation  of 
the  pupil.  Moreover,  light  always  affects  both  eyes  in  the  same 
way  and  at  the  same  time,  and  this  even  though  the  light  is 
thrown  into  only  one  eye.  For  example,  light  thrown  into  the 
left  eye  stimulates  the  left  retina,  which  stimulus  is  transmitted 
along  the  left  optic  nerve  to  the  chiasm,  and  from  the  chiasm 
along  both  optic  tracts  to  the  nuclear  centres,  back  along  the 
third  nerves  to  both  eyes,  left  and  right,  the  pupils  in  both  eyes 
reacting  to  the  same  extent  and  at  the  same  time — consensual 
or  consentaneous  reaction. 

Sensory  stimuli,  act  on  the  eye  through  the  cervical  sympa- 
thetic, and  as  this  supplies  the  dilating  fibres  of  the  iris,  the 
reason  for  the  pupil  always  dilating  under  sensory  stimuli,  is 
clearly  seen. 

The  associated  reaction  of  the  pupil:  During  both  the  acts 
of  accommodation  and  of  convergence,  the  pupil  always  reacts 
by  contracting.  This  constant  reaction  of  the  pupil  at  the 
same  time  with  the  acts  of  accommodation  and  convergence,  is 
termed  the  associated  reaction  of  the  pupil.  This  associated  or 
consentaneous  action  of  the  pupil  with  the  ciliary  muscle  (the 
agent  of  accommodation),  and  the  internal  recti  muscles  (agents 
of  convergence),  is  due  to  the  simultaneous  excitation  of  the 
centres  controlling  these  different  functions.  Since  the  sphincter 
of  the  iris,  the  ciliary  muscle,  and  the  internal  recti  muscles,  are 
all  supplied  with  motor  force  through  the  third  nerve,  and  fur- 
thermore, since  the  centres  of  accommodation,  of  convergence, 
and  of  pupillary  reaction  are  situated  very  closely  together  in  a 
common  nuclear  centre  in  the  brain,  the  associated  or  consenta- 
neous action  of  all  three,  may  be  easily  brought  about.  How- 
ever, a  stimulus  may  go  to  one  of  these  centres,  and  not  to  the 
other  two.  For  instance,  the  pupillary  centre,  may  receive  are- 
flex  stimulus  and  cause  reaction  of  the  pupil  when  neither  accom- 
modation nor  convergence  is  taking  place.     There  may,  there- 
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fore,  be  reaction  of  the  pupil,  and  it  is  often  seen  without  having 
accommodation  or  convergence,  but — and  this  is  to  be  noted — 
we  never  have  normal  convergence  or  accommodation,  without 
reaction  of  the  pupil.  Bearing  this  fact  in  mind,  that  there  may 
be  reaction  of  the  pupil  without  convergence  or  accommodation, 
but  never  accommodation  or  convergence  without  reaction  of 
the  pupil,  it  might  indicate  that  the  associated  reaction  of  the 
pupil,  depended  upon  a  secondary  stimulus — the  desire  to  accom- 
modate or  converge — since  it  always  occurs  when  either  accom- 
modation or  convergence  takes  place,  rather  than  upon  a  common 
stimulus  primary  to  all  three  centres.  This  is,  however,  a  de- 
batable point. 

Blood  Supply  of  the  Uvea — Choroid,  Ciliary  Body, 
and  Iris. — The  arterial  blood  for  the  nourishment  of  the  uvea, 
and  indirectly  through  the  uvea,  for  the  nourishment  of  the 
lens,  vitreous,  and  portions  of  the  retina,  is  derived  from  the 
ciliary  arteries — the  posterior  long  and  short,  and  the  anterior. 

The  short  posterior  ciliary  arteries  (a  a,  Fig.  25),  fifteen  to 
twenty  in  number,  pierce  the  sclera  perpendicularly  near  the 
optic  nerve,  run  forward,  and  enter  into  the  formation  of  the 
tunica  vasculosa  of  the  choroid.  They  extend  as  far  forward 
as  the  ora  serrata,  where  they  receive  a  few  branches  of  com- 
munication from  the  anterior  and  the  long  posterior  ciliary  ar- 
teries. These  arteries  finally  empty  their  blood  into  the  capillary 
layer  of  the  choroid — the  membrana  chorio-capillaris. 

The  long  posterior  ciliary  arteries  (b,  Fig.  25),  two  in  num- 
ber, pierce  the  sclera  obliquely  near  the  optic  nerve,  one  on  the 
inner,  the  other  on  the  outer  side,  and  run  forward  between 
sclera  and  choroid  to  the  ciliary  muscle.  In  the  anterior  portion 
of  the  ciliary  muscle,  near  the  base  of  the  iris,  they  each  divide 
into  two  branches,  which  run  in  opposite  directions  concentrically 
around  the  base  of  the  iris,  to  meet  the  branches  from  the  oppo- 
site side,  thus  forming  a  complete  arterial  circle  at  the  base  of 
the  iris — circulus  arteriosus  iridis  major  (p,  Fig.  25).  From 
this  arterial  circle,  branches  are  given  off  which  run  in  a  radi- 
ating direction  in  the  stroma  of  the  iris  from  its  periphery  to 
near  the  pupil.  Near  the  pupil,  branches  are  given  off  at  right 
angles  to  the  radiating  branches  to  form  a  second  and  lesser 
arterial    circle — circulus    arteriosus    iridis    minor.     From   this 
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smaller  circle  very  fine  radiating  branches  are  given  off,  which 
extend  to  the  edge  of  the  pupil,  and  perhaps  pass  directly  into 
small  veins. 

The  anterior  ciliary  arteries  (c,  Fig.  25),  usually  four  to  six 
in  number,  are  derived  from  the  muscular  branches  of  the  oph- 
thalmic which  supply  the  recti  muscles.  They  pierce  the  tendons 
of  these  muscles  at  their  insertions  and  divide  into  a  number  of 
branches  which  ramify  in  the  episcleral  tissue  near  the  margin 


Fig.  25.— Blood- Vessels  of  the  Eye.  (Schematic.  After  Leber.)  1.  Conjunctival  vessels  :  eland 
d',  posterior  conjunctival;  ic,  anterior  conjunctival;  v,  loops  in  linihus  conjunctivae.  2.  Uveal  vessels: 
a  a,  posterior  short  ciliary;  b,  posterior  long  ciliary;  e  ande',  anterior  ciliary;  p,  larger  arterial  circle 
of  the  iris;  q,  arteries  of  the  iris;  m  m,  capillary  layer  from  posterior  ciliary  arteries:  r,  arterioles 
in  ciliary  body;  o,  arteriole  from  choroidal  plexus  going  forward  to  anterior  ciliary  artery;  k.  k.  ar- 
terioles from  short  posterior  ciliary  arteries  penetrating  the  optic  nerve  and  anastomosing  with  the 
retinal  system  of  vessels;  s  and  n,  veins  converging  to  h.  vena  vorticosa.  3.  Retinal  vessels:  e,  cen- 
tral artery;  e',  central  vein;  1,  arterioles  from  the  central  artery  anastomosing  with  the  uveal  system 
ot  vessels;  it,  Schlemm's  canal. 

of  the  cornea.  Some  of  these  branches,  anastomose  with  the 
conjunctival  vessels,  some  pierce  the  sclera  and  help  form  the 
great  arterial  circle  of  the  iris,  situated  in  the  anterior  part  of 
the  ciliary  muscle,  while  others  pierce  the  sclera,  and  go  to  form 
an  arterial  circle  situated  further  back  in  the  ciliary  muscle. 
From  the  great  arterial  circle  of  the  iris,  as  we  have  just 
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seen,  the  radiating  vessels  that  supply  the  iris  were  given  off. 
This  great  arterial  circle  also  furnishes:  (a)  branches  to  the  cil- 
iary muscle,  in  the  substance  of  which  they  break  up  and  are 
lost  in  a  delicate  capillary  network:  (b)  branches  which  pierce 
the  ciliary  muscle  and  go  to  supply  the  ciliary  processes,  anasto- 
mose freely  in  this  structure,  and  at  the  free  margins  of  the 
processes  pass  directly  into  veins;  (c)  and  recurrent  branches  for 
the  supply  of  the  anterior  portions  of  the  choroid,  where  they 
anastomose  with  branches  from  the  short  posterior  ciliary  ar- 
teries, and  are  finally  lost  in  the  anterior  portion  of  the  capillary 
layer  of  the  choroid. 

The  venous  bloodis  returned  from  the  uvea  by  an  arrangement 
of  the  veins  quite  different  from  that  of  the  arteries.  The  veins 
do  not  correspond  to  the  arteries  at  all,  except  to  the  anterior 
ciliary,  and  even  here  there  is  not  always  a  corresponding  vein. 

The  blood  from  the  capillary  layer  of  the  choroid,  is  collected 
into  a  network  of  very  fine  veins,  this  network  becoming  coarser 
and  coarser  by  the  smaller  veins  uniting  to  form  larger  ones, 
which  veins  in  the  vascular  layer  of  the  choroid,  lie  to  the  outer 
side  of  the  arteries.  The  larger  veins  of  the  vascular  layer  of  the 
choroid,  are  arranged  into  from  four  to  six  conical  groups ;  the 
veins  of  each  group  converge  from  all  directions  toward  a  com- 
mon centre,  the  summit  of  the  cone,  situated  near  the  equator 
of  the  eye.  At  the  summit  of  the  cones  the  veins  of  each  group 
join  to  form  one  large  vein  (h,  Fig.  25,  and  2,  Fig.  20).  There 
are  four  to  six  in  all  of  them,  which,  from  the  peculiar  arrange- 
ment of  the  smaller  veins  extending  from  all  directions  to  a 
common  centre  or  vortex,  has  gained  for  them  the  name  venae, 
vorticosoe.  They  pierce  the  sclera  very  obliquely  to  empty  into 
the  ophthalmic  veins  further  back  in  the  orbit. 

The  veins  from  the  ciliary  processes,  are  derived  directly  from 
the  arteries  to  this  structure,  no  capillaries  intervening.  They 
pass  backward  to  the  vascular  layer  of  the  choroid,  and  assist 
from  in  front  to  form  the  vena1  vorticosse. 

Nearly  all  the  veins  from  the  ciliary  muscle,  pass  backward, 
anastomosing  as  they  go  with  the  veins  from  the  ciliary  proc- 
esses, and  empty  their  blood  into  the  vena'  vorticosse.  Finally, 
the  veins  from  the  anterior  zone  of  the  uvea,  the  iris,  pass 
backward  and  empty  their  blood  into  the  venae  vorticosse. 
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From  the  above  description,  it  is  seen  that  most  of  the  venous 
blood  from  the  uveal  tract  is  emptied  into  the  venae  vorticosae,  and 
that  it  leaves  the  eye  by  this  channel.  Some  of  the  veins  from 
the  ciliary  muscle,  however,  do  not  empty  into  the  venae  vorti- 
cosae,  hut  pierce  the  sclera  anteriorly  and  ramify  in  the  episcleral 
tissue  corresponding  to  the  anterior  ciliary  arteries.  These  veins 
communicate  with  Schlemm's  canal,  and  with  the  conjunctival 
veins.  They  are  the  violet  or  purple  colored  veins,  seen  in  the 
episcleral  tissue  just  back  of  the  cornea,  in  deep  inflammations 
of  the  eye.  This  is  the  second  route  for  the  blood  to  escape  from 
the  eye.  When  from  any  cause,  the  circulation  through  the 
venae  vorticosae  is  retarded,  this  anterior  route  is  utilized  for 
carrying  off  an  extra  amount  of  venous  blood. 

Nerves  to  the  Uvea. — The  nerve  supply  to  the  uvea,  is  de- 
rived from  the  third,  the  ophthalmic  division  of  the  fifth,  and 
from  the  cervical  sympathetic  nerves,  all  of  which  act  through  the 
long  and  short  ciliary  nerves,  given  off  from  the  lenticular  gan- 
glion. The  lenticular  ganglion,  lies  in  a  mass  of  fat  at  the  pos- 
terior portion  of  the  orbit,  just  to  the  outer  side  of  the  optic 
nerve  and  between  it  and  the  externus  rectus  muscle.  It  is  a 
small,  flattened,  somewhat  oblong  ganglion,  reddish-gray  in 
color.  It  has  three  roots  which  enter  it  posteriorly:  one  from 
the  nasal  nerve  (branch  of  the  ophthalmic),  a  sensory  root ;  one 
from  the  third  nerve,  a  motor  root ;  and  one  from  the  cervical 
sympathetic  through  the  cavernous  plexus.  The  branches  given 
off  from  this  ganglion  are : 

(1)  The  short  ciliary  nerves,  twelve  to  fifteen  in  number. 
They  pierce  the  sclera  near  the  optic  nerve,  and  run  forward 
between  the  sclera  and  choroid  in  the  lamina  fusca  to  the 
ciliary  body.  In  their  course,  they  give  off  branches  to  form  a 
fine  mesh  work  in  the  stroma  of  the  choroid.  Anteriorly,  they 
anastomose  with  branches  from  the  long  ciliary  nerves. 

(2)  The  long  ci/i<(ry  nerves,  two  to  three  in  number,  are  de- 
rived from  the  nasal  branch  of  the  ophthalmic.  They  pierce  the 
sclera  obliquely  a  little  in  front  of  the  short  ciliary  nerves,  and 
run  between  the  sclera  and  choroid,  in  the  lamina  fusca  to  the 
ciliary  muscle,  where  they  break  up  into  a  meshwork  from  which 
the  ciliary  processes  and  iris  arc  supplied.  The  exact  mode  of 
the  termination  of  the  nerves  in  the  iris,  is  not  known. 


CHAPTER   IV. 

Anatomy  of  the  Retina,   the  Optic  Nerves,  and  Orbits. — General  Physiology 

of  the  Eye. 

ANATOMY  OF   THE   RETINA. 
(Rete,  a  net.) 

The  retina  forms  the  inner  tunic  of  the  eye.  It  extends  from 
the  optic  nerve  entrance,  between  the  vitreous  and  the  choroid, 
to  the  beginning  of  the  ciliary  body,  where  all  of  its  nervous 
elements  end  in  a  ragged  or  serrated  border — ora  serrata.  The 
tapetum  {carpet),  pigment  layer  of  the  retina,  however,  to- 
gether with  its  connective-tissue  elements,  reduced  to  a  single 
layer  of  epithelial  cells,  do  not  stop  at  the  ora  serrata,  but 
continue  on  the  inner  surface  of  the  ciliary  body,  as  pars 
ciliaris  retinae,  and  to  the  posterior  surface  of  the  iris  up  to  its 
pupillary  margin,  as  its  pigment  layer.  The  retina,  therefore, 
really  extends  from  the  optic  disc  to  the  margin  of  the  pupil, 
intact  to  the  ora  serrata,  but  in  a  modified  form  from  the  ora 
serrata  to  the  margin  of  the  pupil.  The  retina  is  thickest  pos- 
teriorly near  the  optic  disc  (73-  inch  thick),  and  gradually  grows 
thinner  as  it  goes  forward  until  near  the  ora  serrata  it  is  only 
-2-jyo  inch  in  thickness.  In  the  living  subject,  the  retina  is  very 
nearly  perfectly  transparent,  having  a  whitish-gray,  filmy  ap- 
pearance, when  viewed  by  the  ophthalmoscope. 

Histological  Elements. — Nerve  Elements:  nerve  fibres; 
nucleated  ganglion-cells;  oval,  nucleated  nerve-cells;  rods  and 
cones ;  granular  matter. 

Connective-Tissue  Elements:  fibrous  cellular  fibres;  oval 
nucleated  cells;  homogeneous  cement  substance;  besides  the 
tapetum,  which  is  composed  of  epithelial  cells  containing  pig- 
ment granules,  the  cells  being  held  together  by  a  homogeneous 
cement  substance. 

Structure. — The  nervous  matter  in  the  retina  resembles 
that  in  the  brain  (neuroglia),  but  the  nervous  elements  appear 
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different  elements  in  the  different  layers  of  the  retina.  The 
connective-tissue  elements  are  found  in  all  the  layers  of  the  ret- 
ina, except  the  layer  of  rods  and  cones  and  the  pigment  layer. 

Ten  layers  enter  into  the  structure  of  the  retina.  From 
within  outward  they  are : 

1.  Internal  limiting  membrane. 

2.  Layer  of  optic  nerve  fibres. 

3.  Layer  of  ganglion-cells. 

4.  Internal  molecular  layer. 

5.  Internal  nuclear  layer. 

6.  External  molecular  layer. 

7.  External  nuclear  layer. 

8.  External  limiting  membrane. 

9.  Layer  of  rods  and  co?ies,  or  Jacob'' s  membrane. 
10.  Pigment  layer ;  tapetum. 

DESCRIPTION   OF  THE  VARIOUS  LAYERS. 

The  most  internal  layer  of  the  retina  (1,  Fig.  26)  is  formed 
from  connective-tissue  elements,  and  will  be  described  when  that 
portion  of  the  retina,  is  considered  a  little  further  on. 

The  layer  of  nerve-fibre  (2,  Fig.  26)  is  composed  of  nerve  fibres 
continued  directly  from  the  optic  nerve.  These  nerve  fibres  in 
the  retina  are  analogous  to  the  pale  nerve  fibres  of  the  brain, 
and  are  transparent,  as  they  are  deprived  of  their  medullary 
sheaths  in  passing  through  the  cribriform  fascia.  The  medul- 
lary sheath,  sometimes  remains  on  the  nerve  fibres  after  they 
enter  the  retina,  when  the  characteristic  "opaque  nerve  fibres'' 
can  be  seen  with  the  ophthalmoscope.  The  nerve  fibres  radiate 
in  all  directions  from  the  optic  nerve  entrance.  Near  the  en- 
trance they  are  arranged  into  small  bundles,  but  separate  as  they 
advance,  and  may  be  seen  at  times  to  form  plexuses  (Michel). 
This  layer  is  thickest  near  the  optic  nerve  entrance  (y^-g  inch), 
and  grows  thinner  as  it  advances,  finally  to  disappear  at  the  ora 
serrata. 

The  layer  of  ganglion-cells  (?>.  Fig.  26)  is  composed  of  a  single 
layer  of  ganglion-cells  containing  nuclei  and  nucleoli,  surrounded 
by  a  cloudy,  granular  substance.  These  cells  are  flattened  and 
are  somewhat  oblong,  the  longer  axis  being  perpendicular  to  the 
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surface  of  the  retina.  To  the  inner  extremity  of  each  cell  a 
single  nerve  fibre,  from  the  nerve-fibre  layer,  is  attached.  From 
the  outer  extremity  of  each  ganglion-cell,  two  or  three  processes 
are  given  off,  which  pierce  the  internal  molecular  layer  and 
are  connected  with  its  stroma,  perhaps  penetrating  to  the 
next  layer  (internal  nuclear),  to  connect  with  the  nerve  cells 
of  that  layer.  The  ganglion-cell 
layer  is  about  ^0\-q  of  an  inch  thick. 

The  internal  molecular  Inner  (4, 
Fig.  26)  is  about  r2Vo"  of  an  inch  thick. 
It  is  composed  of  the  most  delicate 
nerve  fibrils  and  connective-tissue 
network,  together  with  granular 
matter  of  an  unknown  nature.  The 
distal  processes  from  the  ganglion- 
cells,  just  described,  and  the  proxi- 
mal processes  from  the  nerve  cells  in 
the  next  (internal  nuclear)  layer,  en- 
ter this  layer  and  perhaps  communi- 
cate in  it. 

The  internal  nuclear  layer  (5,  Fig. 
26)  is  about  13100  of  an  inch  thick,  and 
is  composed  chiefly  of  oval  nucleated 
nerve-cells,  most  of  which  have  a 
single  branch  or  process  from  each 
extremity,  but  a  few  have  no  pro- 
cesses. There  are  a  few  oval  nucle- 
ated cells  in  this  layer,  connected  with 
the  radiating  connective-tissue  fibres 
of  Midler.  All  of  these  cells,  have 
their  longer  axis  perpendicular  to  the 
surface  of  the  retina.  The  branch  or 
process  from  the  inner  extremity  of  these  cells,  penetrates  the  in- 
ner molecular  layer  (4,  Fig.  26),  and  communicates  with  the 
distal  branches  from  the  ganglion-cells  in  this  layer,  while  the 
branches  from  the  outer  end  of  the  cells  penetrate  the  outer 
molecular  layer  (6,  Fig.  26),  bifurcate,  and  are  supposed  to  join 
processes  from  the  inner  extremities  of  the  rods  and  cones. 
Thus  a  continuous  connection  would  be  established  between  the 


Fig.  26.— Vertical  Section  of  the 
Retina.  (Schematic.  After  Landois 
and  Stirling.)  1,  Internal  limiting 
membrane  ;  2,  layer  of  optic  nerve 
fibres  ;  3,  layer  of  ganglion  cells;  4,  in- 
ternal molecular  layer ;  5,  internal 
nuclear  layer ;  C,  external  molecular 
layer;  7,  external  nuclear  layer;  8,  ex- 
ternal limiting  membrane;  9,  layer  of 
rods  and  cones,  or  Jacob's  membrane; 
10,  pigment  layer,  tapetum. 
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nerve-fibre  layer,  through  the  ganglion-cell  layer  and  its  pro- 
cesses with  this  layer,  and  through  this  layer  and  processes  with 
the  layer  of  rods  and  cones,  the  perceptive  part  of  the  retina. 
The  radiating  fibres  of  Muller,  become  broader  and  somewhat 
granular  in  appearance  in  this  layer,  and  have  attached  to  them, 
or  contained  in  the  body  of  the  radiating  fibre,  the  oval  nucle- 
ated cells  mentioned  in  the  beginning  of  this  paragraph. 

The  external  molecular  Inner  (6,  Fig.  20)  is  xoVo"  °f  an  mcn 
thick,  and,  like  the  internal  molecular  layer,  is  composed  of  a  fine 
network  of  very  delicate  connective  tissue,  nerve  fibrike,  and  of 
granular  material  of  an  unknown  nature.  In  addition,  it  con- 
tains some  nucleated  stellate  cells,  having  many  processes.  In 
this  respect,  it  differs  from  the  internal  molecular  layer. 

The  external  nuclear  layer  (7,  Fig.  26)  resembles  in  structure 
very  closely  the  internal  nuclear  layer.  It  is  composed  of  nu- 
cleated cells,  ellipsoidal  in  shape,  with  the  longer  axis  of  the 
cells  perpendicular  to  the  surface  of  the  retina.  These  cells  have 
branches  from  both  extremities,  the  branches  from  the  distal 
extremities  join  the  rods  and  cones;  and  are  rod-cells  or  cone- 
cells,  according  as  they  join  a  rod  or  a  cone.  The  rod-cells 
are  much  more  numerous  than  the  cone-cells,  and  have  trans- 
verse striae  on  them.  The  process  from  the  outer  extremity 
joins  a  rod  in  Jacob's  membrane,  while  the  process  from  the 
inner  extremity  enters  the  external  molecular  layer,  and  swells 
into  a  nuclear  enlargement  from  which  numerous  fine  processes 
are  given  off.  The  cone-cells  are  fewer  in  number,  non-striated, 
and  placed  close  to  the  external  limiting  membrane.  Like  the 
rod-cells,  they  have  a  single  process  from  each  extremity,  the 
outer  one  connecting  the  cells  to  the  cones  in  Jacob's  membrane, 
the  inner  one  ending  in  a  bulbous  extremity  in  the  external 
molecular  layer. 

The  external  limiting  membrane  (8,  Fig.  20)  is  a  membra- 
nous expansion  of  the  radiating  fibres  of  Muller,  and  will  be  con- 
sidered under  the  description  of  the  cellular  structure  of  the 
retina. 

The  layer  of  rods  and  cones,  or  Jacob's  membrane  (9,  Fig. 
20),  is  the  perceptive  layer  of  the  retina.  The  rods  and  cones 
are  placed  parallel  to  one  another  and  perpendicular  to  the  sur- 
face of  the  retina.     They  are,  according  to  some  authorities, 
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termini  of  the  optic  nerve  fibres.  The  rods  are  much  more  nu- 
merous than  the  cones.  They  are  divided  into  two  segments, 
an  outer  and  an  inner,  which  are  joined  by  a  sheath  surround- 
ing them.  These  segments  differ  somewhat  in  composition  and 
color  reagents  affect  them  differently.  The  outer  segments  of 
the  rods,  are  marked  by  fine  transverse  stria?,  which  are  due  to 
the  peculiar  formation  of  the  segment;  the  segment  being  com- 
posed of  lamella?,  or  discs,  of  highly  refractive  molecular  sub- 
stance placed  one  upon  another,  and  held  together  by  a  slightly 
refractive  basement  substance.  Very  delicate  longitudinal  lines 
may  also  be  seen  on  these  outer  segments,  as  well  as  on  the 
outer  half  of  the  inner  segments  of  both  rods  and  cones.  These 
longitudinal  markings,  have  been  ascribed  to  fine  fibres  coming 
from  the  rod  and  cone  cells  (of  the  outer  nuclear  layer),  piercing 
the  external  limiting  membrane  and  running  along  these  seg- 
ments in  a  longitudinal  direction.  The  inner  segments  of  the 
rods,  rest  on  the  outer  surface  of  the  external  limiting  mem- 
brane. The  highly  refractive  molecular  substance,  is  more  abun- 
dant in  this  segment  than  in  the  outer  segment,  the  inner  portion 
of  the  segment  having  an  indistinct  granular  appearance.  The 
rods  measure  about  -g-g-Q-  of  an  inch  in  length  and  g-jVo  °f  an  mcn  m 
thickness,  are  cylindrical  in  shape  and  almost  of  a  uniform  calibre. 
The  cones  are  fewer  in  number  than  the  rods,  and  like  them, 
are  divided  into  an  inner  and  an  outer  segment.  They  are  flask- 
shaped,  the  broad,  rounded  extremity  resting  on  the  external 
lining  membrane,  while  the  cone  part,  the  outer  segment,  points 
outwardly  toward  the  pigment  layer,  but  does  not  reach  it.  The 
composition  of  the  cones  is  almost  similar  to  that  of  the  rods. 
The  outer  segment,  a  pointed  extremity,  has  transverse  stria? 
on  its  surface,  also  very  faint  longitudinal  markings.  The  struc- 
ture is  apparently  the  same  as  the  outer  segments  of  the  rods. 
The  inner  segment,  has  striations  on  its  surface  similar  to  those 
on  the  inner  segments  of  the  rods.  Its  innermost  extremity  is 
granular  in  appearance,  and  flares  out  like  a  flask,  to  rest  on  the 
outer  surface  of  the  external  limiting  membrane.  The  structure 
is  the  same  as  that  of  the  inner  segments  of  the  rods.  The  cones 
measure  about  -g-^  of  an  inch  in  length  and  5-0V0  °f  an  hich  in 
thickness.  The  existence  of  axial  fibres  in  the  rods  and  cones  is 
doubtful. 

6    ' 
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The  pigment  layer  or  tapetum  (10,  Fig.  26)  is  composed  of  a 
single  layer  of  hexagonal  nucleated  cells  containing  granular 
pigment,  and  held  together  by  a  homogeneous  cement  substance. 
This  layer  is  closely  attached  to  the  limiting  membrane  of  the 
choroid.  Fine  stained  processes  from  between  these  pigment 
cells  extend  inwardly  to  surround  the  rods  and  cones,  as  pig- 
ment sheaths.  In  albinos  the  tapetum  is  devoid  of  coloring 
matter;  the  choroid  also  having  but  little  coloring  matter  in 
such  cases,  when  seen  with  the  ophthalmoscope,  has  a  bright 
reddish  lustre,  which  has  been  designated  tapetum  hicidum,  in 
contradistinction  to  the  term  tapetum  nigrum,  ordinarily  given 
to  the  pigment  layer. 

This  pigment  layer  perhaps  should  have  been  described  with 
the  cellular  tissue  of  the  retina. 

THE   CELLULAR   OR   SUPPORTING   TISSUE   OF   THE   RETINA. 

This  tissue  forms  the  framework  for  the  support  of  the  nervous 
elements  of  the  retina.  It  consists  of  the  internal  and  external 
limiting  membranes  (layers  1  and  8,  Fig.  26),  and  of  the  radiat- 
ing connecting  fibres  of  Miiller  joining  these  two  membranes. 

The  internal  limiting  membrane,  is  composed  of  modified  con- 
nective tissue,  and  is  formed  by  the  expanded  or  cone-shaped 
inner  extremities  of  the  radiating  fibres  of  Miiller  uniting  at 
their  bases.  This  membrane  is  exceedingly  thin  (about  1 2 1 0  0 
of  an  inch  thick),  and  lies  in  close  contact  with  the  hyaloid 
membrane  of  the  vitreous. 

The  radiating  fibres  of  Miiller ',  from  their  cone-shaped  bases, 
which  form  the  internal  limiting  membrane,  extend  outward 
perpendicularly  to  the  surface  of  the  retina,  perforating  all  the 
layers  of  the  retina  between  the  two  limiting  membranes.  Fine 
processes  are  given  off  from  these  radiating  fibres  of  Miiller,  as 
they  go  through  the  different  nerve  layers,  which  support  the 
nerve  elements  by  forming  delicate  mesh  works  of  connective 
tissue  around  them.  In  the  inner  nuclear  layer,  these  fibres  have 
oval  nucleated  cells  attached  to  them,  or  included  in  the  sub- 
stance of  the  fibre  itself.  The  radiating  fibres  run  a  straight 
course  through  the  outer  nuclear  layer,  at  the  outer  surface  of 
which  they  break  up  into  numerous  fine  fibres,  bend  at  right- 
angles  to  themselves,  and  form  the  eighth  layer  of  the  retina. 
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The  K.vlernal  Linu'liiiy  Membrane. — This  membrane  is,  there- 
fore, simply  a  membranous  expansion  of  the  external  extremities 
of  the  radiating  fibres  of  Muller.  It  is  not  solid,  as  is  the  internal 
limiting  membrane,  but  has  many  perforations,  through  which 
the  processes  from  the  outer  ends  of  the  rod  and  cone  cells  join 
the  rods  and  cones. 

Macula  Lutea,  or  Yellow  Spot  of  Soemmering. — Situated  at 
the  centre  of  the  retina,  about  -,1ir  of  an  inch  to  the  outer  side  of 
and  on  a  level  with  the  lower  border  of  the  optic  disc;,  is  a  hori- 
zontally oval,  yellow  spot,  which  is  known  as  the  yellow  spot  of 
Soemmering  (Germany,  L 804),  or  macula  lutea  (Fig.  27).  At 
the  centre  of  this  yellow  spot  is  a  small  depression — fovea-cen- 
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Fig.  27.— Macula  Lutea.    (Landois  and  Stirling.)    P,  Fovea  centralis. 

traits  (P,  Fig.  27).  The  macula  lutea  varies  in  diameter  from 
•^3-  to  TT  of  an  inch.  The  fovea  centralis,  the  depression  at  its 
centre,  is  from  yyy  to  yf-g-  of  an  inch  in  diameter.  The  fovea 
centralis  is  the  centre  of  direct  vision,  and  is  the  most  sensitive 
oprtion  of  the  retina. 

The  structure  of  the  retina  at  the  macula,  is  different  from 
that  in  other  portions  of  the  membrane. 

1 1 )   The  internal  limiting  membrane  is  very  much  thinned; 

(2)  The  optic  nerve  fibres  are  reduced  to  a  single  and  almost 
imperceptible  layer,  which  seems  to  pass  around  the  macula  in 
curves ; 

(3)  In  the  ganglion-cell  layer,  the  cells  are  reduced  in  size, 
but  greatly  increased  in  numbers  and  are  superimposed  one 
upon  another  in  several  layers,  instead  of  a  single  layer  as  usual ; 

(4)  The  internal  molecular  layers  are  wanting; 

(5)  The  internal  nuclear  layers  are  thinned : 

(6)  The  external  molecular  layer  is  well  developed ; 
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(7)  In  the  outer  nuclear  layer,  only  cone-fibres  remain,  and 
they  have  a  circular  course  in  the  macula ; 

(8)  The  external  limiting  membrane  is  greatly  thinned  or 
wanting ; 

(9)  In  Jacob's  membrane  only  cones  remain,  which  are 
lengthened ; 

(10)  The  tajjetum  is  unaltered. 

The  radiating  fibres  of  Midler,  do  not  run  perpendicularly  to 
the  surface  of  the  retina  in  the  macula,  but  almost  horizontally 
and  radiate  toward  the  fovea  centralis  as  a  centre. 

In  the  fovea  centralis,  the  coats  of  the  retina  are  reduced  to 
the  internal  molecular  layer,  which  is  very  much  thinned ;  the 
external  nuclear  layer,  that  has  left  in  it  only  cone-fibres  which 
run  nearly  in  a  horizontal  direction,  and  Jacob's  membrane, 
only  the  cones  of  which  remain. 

Blood- Vessels. — The  retina  is  supplied  with  blood  by  the 
arteria  centralis  retina,  which  along  with  its  accompanying 
vein,  pierces  the  optic  nerve  just  back  of  its  entrance  into  the 
eyeball,  and,  through  the  porus  opticus,  enters  the  globe  of 
the  eye.  On  or  before  entering  the  eye,  the  artery  divides 
usually  into  four  main  branches,  two  of  which  run  up  and  two 
down,  each  arterial  branch  being  accompanied  by  a  correspond- 
ing vein.  A  few  smaller  arterial  branches  are  given  off  from 
the  central  artery,  or  its  main  branches,  at  the  optic  nerve 
entrance,  which  run  in  a  transverse  direction  in  the  retina 
from  each  side  of  the  disc.     These  have  corresponding  veins. 

It  was  the  light  streak  on  these  smaller  vessels,  and  the  edge 
of  the  disc,  together  with  the  choroidal  epithelium  near  the 
macula,  that  Loring  took  as  a  standard  in  measuring  the  re- 
fraction of  the  eye  with  the  ophthalmoscope. 

The  retinal  vessels  on  first  entering  the  eye,  lie  between  the 
internal  limiting  membrane  and  the  nerve-fibre  layer.  They  soon 
pierce  the  nerve-fibre  layer,  but  never  go  deeper  than  the  inter- 
nal molecular  layer.  They  divide  in  an  arborescent  manner  as 
they  proceed,  finally  to  terminate  in  free  endings^  no  anasto- 
moses taking  place.  There  is,  therefore,  no  compensatory  cir- 
culation in  these  vessels,  when  one  of  them  is  plugged  by  an  em- 
bolus or  stopped  by  a  constriction.  The  retinal  vessels  never  ex- 
tend further  anteriorly,  than  to  the  ora  serrata.    The  macula  lutea 
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is  richly  supplied  by  tine  capillaries,  but  the  fovea  centralis  has 
no  blood-vessels  at  all.  This  and  the  outer  layers  of  the  retina 
depend  for  most  of  their  nutrition,  on  the  nutritive  lymph  thrown 
out  from  the  capillary  layer  of  the  choroid.  Posteriorly,  the 
retinal  vessels  (chiefly  arterial,  Leber)  anastomose  with  the 
nutrient  vessels  of  the  optic  nerve,  and  indirectly  through  these 
with  the  posterior  choroidal  and  scleral  vessels.  This  is  the 
only  connection  between  the  retinal  and  ciliary  vessels  of  the  eye. 
The  retinal  vessels,  especially  the  veins,  are  thought  to  be  sur- 
rounded by  lymphatic  vessels,  which  pass  out  of  the  eye  through 
the  cribriform  fascia,  to  join  the  lymphatic  spaces  of  the  optic 
nerve. 

Ophthalmoscopic  Appearances. — The  retinal  purple,  or 
visual  }>>i)-j)le,  is  a  purplish  coloring  matter  in  the  external 
layers  of  the  retina.  It  disappears  under  the  influence  of  light, 
but  returns  again  after  the  light  is  withdrawn.  It  disappears 
altogether  after  death.  This  phenomenon  is  not  confined  to 
the  human  eye  alone,  but  it  had  been  found  to  exist  in  many 
of  the  lower  animals.  The  retinal  purple  has  not  been  proven 
to  exist  in  the  fovea  centralis  in  the  human  eye,  and  may 
not,  therefore,  be  absolutely  necessary  to  the  act  of  vision. 
What  knowledge  we  have  on  the  subject  of  the  visual  purple, 
we  owe  to  the  labors  of  two  observers — Professor  Boll,  of  Rome, 
and  Professor  Kulme,  of  Heidelberg. 

The  Light-Ring  Seen  at  the  Macula. — This  light  ring  at  the 
macula  does  not  always  appear  as  a  complete  ring  or  circle,  but 
may  appear  in  the  shape  of  a  half-circle,  or  in  the  shape  of  a 
triangle,  all  of  which  forms  may  be  seen  in  one  eye  at  a  single 
sitting,  simply  by  rotating  the  mirror  of  the  ophthalmoscope  a 
little,  or  if  the  patient  move  the  eye  slightly.  Again,  any  of 
them  may  be  seen  in  an  eye  to  the  exclusion  of  the  rest,  while 
sometimes  the  macula  is  seen  simply  as  a  yellowish  white  spot. 
These  different  appearances  at  the  macula  seem  to  be,  as  Loring 
maintains,  the  products  of  reflection  and  refraction  from  the 
combination  of  curved  surfaces  which  enter  into  the  construction 
of  the  retina  at  this  point. 

Reproducing  a  figure  of  the  macular  region  (after  Schultze), 
which  is  again  produced,  Loring  remarks: 

"  As  you  will  see,  this  region,  as  figured  in  the  diagram  (Fig. 
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27),  bears  in  its  formation  a  strong  resemblance  to  a  shallow 
cup,  of  which  the  rim  is  represented  by  a  convex,  and  the  bow 
by  a  concave,  surface.  If  we  look  upon  these  curved  surfaces  as 
mirrors,  they  would  each  have  their  foci,  one  lying  behind  the 
other  in  front,  according  to  their  respective  degrees  of  curva- 


ture. And  if  light  should  be  thrown  perpendicularly  against 
such  a  combination  of  curves,  the  apex  of  the  outside  vein  or 
convex  surface  would,  from  well-known  optical  laws,  appear 
illuminated,  while  the  inside  or  concave  surface  would  appear 
more  or  less  in  shadow.  Thus  we  would  have  the  effect  of  a 
darker  centre,  surrounded  by  an  illuminated  edge."  ' 

Should  the  light  be  thrown  on  to  one  side  of  the  cup,  the 
"half -circle"  illuminated  rim  would  appear,  and  if  the  summit 
of  the  half -circle  was  elongated  or  drawn  out  a  little  the  "trian- 
gular" appearance,  it  seems  to  me,  could  be  accounted  for. 
Should  there  be  no  depression  at  the  macula,  then,  as  is  some- 
times the  case,  only  a  yellowish  white  spot  would  appear  at  the 
macula. 

The  Light-Streak  on  the  Retinal  Vessets. — On  looking  into 
the  fundus  of  the  eye  with  the  ophthalmoscope,  a  bright  line  is 
seen  apparently  along  the  summit  of  the  vessels,  both  arteries 
and  veins.  On  the  arteries  this  light-streak  is  a  little  brighter 
and  narrower  than  on  the  veins ;  otherwise  they  are  the  same. 
This  light -streak  is  always  present  in  the  vessels  in  normal  eyes. 
In  any  diseased  condition  of  the  refractive  media,  preventing  a 
proper  illumination  of  the  retina,  it  is  modified  or  obscured,  and 
in  detachment  of  the  retina  it  is  usually  absent  altogether  on  the 
detached  portion ;  especially  is  this  so  in  marked  cases  of  detach- 
ment. 


•Stellwa^oii  the  Eye  (English  translation),  1878,  p.  158. 
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The  cause  of  this  light-streak  ou  the  retinal  vessels  has  been 
a  subject  of  much  discussion.  Some  observers  have  maintained 
that  it  was  produced  by  the  reflection  of  light  from  the  summit 
of  the  vessel  wall,  or  from  the  summit  of  the  blood-column  in 
the  vessels  (Van  Trigt,  Jaeger,  Schneller,  Donders,  Story,  and 
others),  while  Loring,  Noyes,  De  Schweinitz  and  Davis,  have 
contended  that  it  was  due  to  the  refraction  of  rays  of  light 
passing  through  the  blood-vessels  and  blood-column,  striking 
the  underlying  tissue,  being  reflected  slightly  by  the  posterior 
wall  of  the  vessel,  but  chiefly  by  the  underlying  tissue,  back 
through  the  vessel  and  blood-column  into  the  eye  of  the  ob- 
server, the  refractive  action  of  the  blood-column  condensing  the 
light  as  it  passes  through  it  both  ways,  just  as  a  bi-convex  lens 
would  do,  and  that  the  light-streak  is  thus  caused. 

Van  Trigt1  was  the  author  of  the  first  theory  of  reflection, 
1853;  Loring2  of  the  opposing  theory  of  refraction,  1870.  Van 
Trigt's  theory  of  reflection  was  generally  accepted  until  1870, 
when  Loring  presented  the  theory  of  refraction.  This  last 
theory,  however,  was  strongly  attacked  by  Schneller,'  F.  C. 
Donders,  and  others.  Knapp 4  was  of  the  opinion  that  Schnel- 
ler's  experiments  and  statements  are  in  part,  at  least,  as  far  as 
could  be  judged  without  repeating  them,  correctly  refuted  by 
Loring.  Donders  claimed  that  Loring's  theory  would  not  hold, 
because  in  his  experiments  he  had  used  a  carmine  solution  to 
represent  a  warm  blood-column,  when  they  were  entirely  differ- 
ent. He  did  not,  however,  question  the  validity  of  the  experi- 
ment had  it  been  conducted  with  the  blood -column  of  a  warm- 
blooded animal.  Davis 5  repeated  Loring's  experiment  on  a 
column  of  blood  from  a  warm-blooded  animal,  and  obtained  the 
same  results  that  Loring  did  with  the  carmine  solution,  thus 
sustaining  his  theory  of  refraction.  He  went  one  step  further, 
however,  repeating  Becker's  experiment  with  the  microscope  on 
cold-blooded  animals  and  on  warm-blooded  animals,  again  sus- 


1  "  Dissertat.  ophthal.  inauguralis  de  Speculo  Oculi, "  Utrecht,  1853. 

2  Trans.  Amer.  Ophthal.  Soc. ,  p.  122,1870.  also  Arch.  Oph.  andOtol.,  ii.,  1,  pp. 
95-106. 

3"Ergebnisse  d.  Uutersuchuug  d.  mensch.  Aug.  m.  d.  Augenspiegel." 
4  Knapp  s  Arch,  of  Oph    and  Otol.,  vol.  iv..  No.  1,  p.  147. 
5Knapp's  Arch,  of  Oph.,  vol.  xx.,  No.  1,  1891. 


88  ANATOMY    AND    PHYSIOLOGY. 

taining  Loring's  theory.  Story  '  questioned  and  opposed  these 
experiments  of  Davis,  but  Davis 2  still  maintained  his  position. 
Space  is  too  limited  in  this  volume  to  give  any  of  the  experi- 
ments referred  to,  but  the  reader  is  referred  to  the  different  papers 
cited  for  a  full  discussion  of  the  subject.  In  my  opinion,  the 
theory  of  refraction  in  accounting  for  the  phenomenon  of  the 
light-streak  on  the  retinal  vessels,  is  sustained  by  the  physiologi- 
cal experiments  of  Loring  and  Davis. 

Physiology. — The  retina  is  the  organ  of  perception  of  the 
eye,  and  the  rods  and  cones  are  the  seat  of  this  function  of  per- 
ception. The  perception  of  an  object  depends  upon  the  power  of 
the  retina  to  convert  rays  of  light  into  nerve  stimuli.  For  it  is 
by  means  of  the  rays  of  light  from  an  object  entering  the  eye 
that  an  image  of  the  object  (always  in  an  inverted  position  to 
the  object  itself)  is  formed  on  the  retina.  We  do  not  know  ex- 
actly by  what  procedure  the  waves  of  light-rays  are  converted  into 
nerve  stimuli,  or,  to  present  it  in  another  way,  how  the  waves  of 
light  impinging  on  the  rods  and  cones  excite  them  to  action,  with 


Fit;.  39.  A  Test  for  the  Blind  Spot  of  Mariotte.— In  the  normal  field  there  is  always  a  blind 
spot,  corresponding  to  the  optic  disc,  the  fibres  going  to  which  are  insensible  to  light.  This  is 
called  the  blind  spot  of  Mariotte,  after  the  man  who  first  described  it  (Mariotte,  France,  seventeenth 
century).  Under  ordinary  circumstances  this  blind  spot  is  not  noticed  and  occasions  no  incon- 
venience. By  a  simple  experiment  the  existence  of  Mariotte's  spot  may  be  determined  by  the  aid 
of  the  picture  here  presented.  If  the  picture  be  held  say  twelve  inches  away,  and  the  eye  fixed 
upon  the  cross,  representing  the  macula,  and  very  slowly  approached  to  the  eye,  then  comes  a 
point  when  the  white  ring  disappears  entirely  from  view. 

the  resultant  impression  on  the  cones  being  transferred  to  the 
brain  as  perception  of  light  or  of  an  object,  if  its  image  is  thrown 
upon  the  retina.  What  we  do  know  is,  that  both  physical  and 
chemical  changes  take  place  in  the  retina  during  the  act  of  per- 


Ophthal.  Review,  London,  xi.,  pp.  100-108.  2  Loc.  cit.,  pp.  253-258. 
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ception  when  light  is  thrown  upon  it.  The  physical  changes,  first, 
consist  in  a  contraction  and  shortening  of  the  rods  and  cones; 
second,  the  pigment  granules  in  the  epithelial  cells  of  the  pig- 
ment layer  of  retina  are  drawn  from  the  outer  portion  of  these 
cells  to  the  inner  portion,  under  the  influence  of  light. 

The  spot  in  the  retina  of  most  acute  perception  is  the  fovea 
centralis,  the  centre  of  direct  vision.  Each  cone  in  the  fovea  is 
supposed  to  have  a  separate  cone-fibre  running  to  it,  whereas 
in  other  portions  of  the  retina  this  is  not  the  case.  This  is 
the  reason  that  vision  is  most  acute  at  the  fovea. 

Senile  Changes. — The  supporting  connective- tissue  frame- 
work is  chiefly  affected  by  these  changes,  the  nervous  elements 
and  blood-vessels  to  a  less  degree.  The  connective  tissue  becomes 
sclerosed,  the  radiating  fibres  of  Muller  and  the  limiting  mem- 
branes appearing  cloudy  from  deposits  of  organic  detritus,  which 
give  to  the  retina  in  the  aged  a  dirty,  grayish-white  appearance. 
These  changes  may  be  uniform  over  the  retina,  or  affect  only  lo- 
calities. The  nerve-fibre  layer  is  the  seat  of  senile  changes  also. 
In  this  layer  are  often  found  masses  of  amyloid  and  colloid  sub- 
stance, which  has  a  high  index  of  refraction.  These  spots  give 
to  the  retina  a  stippled  white  appearance,  which  may  be  mis- 
taken for  the  changes  which  take  place  in  cases  of  albuminuria. 

The  vessels  and  capillaries  often  undergo  a  form  of  fatty 
degeneration. 

ANATOMY   OF   THE   OPTIC   NERVES. 

The  optic  nerves  are  nerves  of  a  special  sense — that  of  sight. 
Through  these  nerves,  impressions  made  upon  the  retina  are 
transmitted  to  the  brain.  They  have  their  origin  in  the  brain 
as  the  optic  tracts,  which  emerge  from  its  under  surface  at  the 
posterior  portion  of  the  optic  thalami  by  two  roots.  The  inner 
root  arises  from  the  posterior  portion  of  the  optic  thalamus,  and 
passes  forward  through  the  inner  geniculate  body,  a  few  fibres 
from  this  body  joining  the  root.  The  outer  and  longer  root 
arises  from  the  optic  stratum  of  the  corpora  quadrigemina,  and 
passes  forward  between  the  inner  and  outer  geniculate  bodies 
to  join  the  other  root  at  the  posterior,  inferior  portion  of  the 
optic  thalamus,  thus  forming  the    optic  tract.     From  the  root 
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arising  from  the  optic  thalamus,  fibres  have  been  traced 
(Meynert,  Gratiolet)  through  the  internal  capsule  and  the  white 
substance  of  the  occipital  lobe,  to  the  cortical  substance  of  the 
occipital  lobe,  most  of  them  terminating  in  ganglion  cells  in 
the  cuneate  portion,  which  is  the  visual  area  of  the  cortex  of  the 
brain.  Other  fibres  have  been  traced  into  the  crus  cerebri,  oli- 
vary bodies,  and  crus  cerebelli  to  the  floor  of  the  fourth  ventricle 
to  the  nuclei  of  origin  of  the  third  nerve,  and  from  the  flattened 
surface  of  the  optic  tract  lying  next  to  the  crus  cerebri,  fibres 
have  been  traced  into  the  tuber  cinereum  and  lamina  cinerea. 

The  optic  tracts  (Tand  T„  Fig.  30)  from  the  above  sources  of 
origin  proceed,  as  flattened  masses  of  medullary  fibres  devoid  of 
neurilemma,  along  the  under  surfaces  of  the  crura  cerebri,  to  the 
olivary  process  of  the  sphenoid  bone.  Just  in  front  of  the  olivary 
process,  the  fibres  from  the  inner  side  of  each  optic  tract  cross 
to  form  the  optic  chiasm  or  commissure  (s  s,  Fig.  30),  which 
rests  in  the  optic  groove  in  front  of  the  olivary  process.  The 
optic  chiasm  is  formed  as  follows:  The  fibres  on  the  outer  side 
of  each  tract,  to  the  extent  of  about  two -fifths  of  all  the  fibres, 
pass  without  decussating  into  and  form  the  outer  side  of  each 
optic  nerve,  continuing  to  the  temporal  side  of  retinae  in  each 
eye  (r  and  rt,  Fig.  30).  The  fibres  of  the  inner  side  of  each  tract, 
the  remaining  three-fifths,  cross  or  decussate,  the  fibres  from  the 
inner  side  of  right  tract  (T,  Fig.  30)  going  to  the  inner  side  of 
the  left  optic  nerve  (Oy,  Fig.  30) ;  the  fibres  from  the  inner  side 
of  left  optic  tract  (T„  Fig.  30)  going  to  the  inner  side  of  right 
optic  nerve  (O,  Fig.  30).  These  fibres  supply  the  nasal  side  of 
each  retina,  bending  out  a  little  at  the  maculae  to  include  them 
on  the  nasal  side  of  retinae.  At  the  optic  chiasm,  only  a  semi- 
decussation of  the  fibres  of  the  optic  tracts  takes  place,  a  little 
more  than  one-half  or  about  three-fifths  only  of  the  fibres  de- 
cussating. 

The  optic  nerves  proper  (O  and  0„  Fig.  30),  have  their  origin 
in  the  anterior  lateral  portions  of  the  chiasm,  and  are  com- 
posed of  fibres  from  both  optic  tracts,  as  just  seen  in  the  de- 
scription of  the  chiasm.  About  two-fifths  of  the  fibres  of 
each  nerve  are  derived  from  the  optic  tract  of  the  same  side ; 
the  remaining  inner  three-fifths,  from  the  inner  side  of  the 
optic   tract  of   the  opposite  side.      From    their    origin  at    the 
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Fig.  30.— Schematic  Representation  op  the  Optic  Tracts.  (After  Fuchs.)  The  field  of 
vision  common  to  the  two  eyes  is  composed  of  a  right  half,  G,  and  a  left  half,  G,.  The  former  cor- 
responds to  the  left  half,  I  and  I,,  of  the  two  retinae,  the  latter  to  the  right  half,  r  and  r,;  the  boun- 
dary between  the  two  halves  of  the  retina  is  formed  by  the  vertical  meridian.  This  passes  through 
the  fovea  ceutralis.  /,  in  which  the  visual  lines  drawn  from  the  fixed  point,  F,  infringe  upon  the  ret- 
ina. The  optic  nerve  fibres  arising  from  the  right  half,  r  and  r„  of  the  two  retinas  (indicated  by 
tlie  dotted  line),  all  pass  into  the  right  optic  tract.  T.  while  the  fibres  belonging  to  the  left  half,  I 
and  /,.  of  the  two  retinas  pass  into  the  left  optic  tract,  T,.  The  fibres  of  each  optic  tract  for  the  most 
part  pass  to  the  cortex  of  the  occipital  lobe.  />'.  forming  Gratiolefs  optic  radiation,  S,:  the  smaller 
portion  of  them,  to,  goes  to  the  oculo-motor  nucleus,  A".  This  consists  of  a  series  of  partial  nuclei, 
the  most  anterior  of  which  sends  fibres.  P.  to  the  pupil  (sphincter  iridis);  the  next  one  sends  fibres, 
a.  to  the  muscle  of  accommodation,  and  the  third  sends  fibres,  C,  to  the  converging  muscle  (in- 
ternal rectus,  £).  All  three  bundles  of  fibres  run  to  the  eye  in  the  trunk  of  the  oculo-motor  nerve. 
Oc.  Division  of  the  optic  tract  at  g  g  or  e  e  produces  right  hemiopia;  and  in  the  former  case  there 
would  be  no  reaction  to  light  on  illuminating  the  left  half  of  either  retina.  Division  of  the  chiasm 
at  s  s  produces  temporal  hemiopia.  Division  of  the  fibres  m  abolishes  the  reaction  of  the  pupil  to 
light,  but  leaves  the  sight  and  also  the  associated  contraction  of  the  pupil  in  accommodation  and 
convergence  unaffected. 
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chiasm,  they  advance  in  diverging  courses  to  the  optic  fora- 
mina, a  distance  of  five  to  seven  lines.  This  is  known  as  the 
cranial  portion  of  the  optic  nerve.  From  the  optic  foramina  to 
the  posterior  surface  of  the  eyes,  the  optic  nerves  proceed  in  a 

double  curved  course  to  enter  the  eye- 
balls about  two  lines  to  the  inner  side 
of  the  posterior  pole.  The  length  of 
the  nerve  to  the  posterior  surface  of 
the  eyeball  is  about  l-§-  inches.  The 
crooked  course  of  the  optic  nerve 
through  the  orbit  to  the  posterior  sur- 
face of  the  eye,  allows  free  movement 
of  its  posterior  pole,  which  would  be 
impossible  if  the  nerve  went  in  a 
straight  course  and  was  kept  on  a 
stretch.  Within  the  eye  the  optic 
nerves  spread  out  to  form  the  nerve- 
fibre  layer  of  the  retina. 

Structure. — The  optic  tracts 
and  chiasm,  are  composed  of  medul- 
lary nerve  fibres  held  together  by 
neuroglia.  Both  the  tracts  and  the 
chiasm,  are  devoid  of  neurilemma. 
The  blood-vessels  of  the  tracts  and 
the  chiasm,  are  derived  from  the  ves- 
sels supplying  the  anterior  portion  of 
brain  and  pia  mater. 
The  optic  nerves  are  composed  of  medullary  nerve  fibres, 
connective  tissue,  and  blood-vessels,  and  are  surrounded  by  a 
sheath  of  pia  mater  (its  neurilemma),  while  the  orbital  portion 
is  surrounded  in  addition  by  two  other  membranes,  arachnoid 
and  dura  mater.  Lymph  spaces  are  found  in  the  trunk  of  the 
nerve  and  between  its  sheaths  in  the  orbit.  Cranial  portion: 
The  trunk  of  the  nerves  is  composed  chiefly  of  medullary  fibres 
collected  into  small  bundles,  the  fibres  in  the  bundles  being  held 
together  by  neuroglia,  as  in  the  optic  tracts  and  chiasm.  The 
bundles  themselves  are  surrounded  and  supported  by  con- 
nective-tissue fibres  and  sheaths,  from  the  inner  surface  of 
the  pia  mater  surrounding  the  nerves.      The    nutritive    blood  - 


Fig.  31.— Intracranial  Portion  of 
the  Optic  Nerve.  (From  Sappey.)  1, 
Pituitary  body  ;  2,  tuber  cinereum  ; 
3,  mammillary  tubercles;  4,  cerebral 
peduncle;    5,  annular    protuberance; 

6,  the  optic  nerves  and   the  chiasm; 

7,  motor  oculi  (third  nerve);  8,  fourth 
nerve;  9,  trifacial  nerve;  10,  sixth 
nerve;  11,  facial  nerve  (seventh);  12, 
auditory  nerve;  13,  Wrisberg's  nerve: 
14,  glosso-pharyngeus;  15,  pneumogas- 
tric;  16,  spinal  nerve;  17,  hypoglossal. 
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vessels  of  the  nerves  ramify  in  this  supportive  •  connective 
tissue  between  the  bundles,  the  two  together — blood-vessels  and 
connective  tissue — forming  about  one  third  of  the  bulk  of  the 
nerve.  Between  the  individual  nerve  bundles,  and  the  sheaths 
of  connective  tissue  surrounding  them,  are  narrow  spaces,  sup- 
posed to  be  lymph  spaces  (Fuchs).  This  portion  of  the  nerve 
has  but  one  sheath,  the  pia  mater,  from  the  inner  surface  of 
which,  the  supportive  connective  tissue  between  the  nerve  bun- 
dles is  derived.  It  is  closely  attached  to  the  nerve,  and  extends 
from  the  chiasm  to  the  optic  foramina  and  through  them  on  to 
the  orbital  portion  of  the  nerve.  Orbital  pari  ion:  The  structure 
of  the  orbital  portion  of  the  optic  nerve,  from  its  entrance  into 
the  orbit  at  the  foramen  as  far  forward  as  the  lamina  cribrosa, 
is  similar  to  that  of  the  cranial  portion,  with  this  exception — it 
has  three  sheaths  surrounding  it,  while  the  cranial  portion  has 
but  one.  The  trunk  of  the  orbital  portion,  being  similar  in 
structure  to  that  of  the  cranial  portion  already  given,  it  remains 
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Fig.  32.— Cross-Section  of  the  Optic  Nerve,  Orbital  Portion  14  Inch  Back  of  the  Eye- 
ball. (H.  T.  Potter  del.)  (.External  sheath  (dura  mater);  b,  middle  sheath  (arachnoid);  c, 
internal  sheath  (pia  mater);  e,  subdural  space ;  /,  subarachnoid  space:  g,  optic  nerve  bundles 
surrounded  by  connective  tissue,  h.  from  the  internal  sheath:  a.  central  artery  of  the  retina;  u, 
central  vein  (the  line  leading  from  v  should  extend  to  the  vein  at  the  centre  of  optic  nerve). 


but  to  describe  its  sheaths  and  the  spaces  between  them.  The 
innermost  sheath  is  of  pia  mater  (c,  Fig.  32),  a  direct  con- 
tinuation of  the  pia  mater  surrounding  the  cranial  portion  of 
nerve.     It  adheres  closely  to  the  nerve,  sending  into  it  from  its 
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inner  surface  sheaths  of  connective  tissue  to  surround  the  nerve 
bundles,  just  as  in  the  cranial  portion.  Anteriorly,  the  pia  mater 
terminates  in  the  inner  layers  of  the  sclerotic.  External  to 
the  pia  mater,  is  a  very  delicate  sheath  (b,  Fig.  32),  which  is  a 
continuation  of  the  arachnoid  membrane  of  the  brain  from  the 
optic  foramen  forward  to  the  sclera,  where  it  terminates  in 
the  scleral  tissue  just  external  to  the  fibres  of  /the  pia  mater. 
The  outermost  membrane  (7,  Fig.  32)  is  composed  of  dura 
mater,  a  direct  continuation  of  the  dura  mater  of  the  brain  from 
the  optic  foramen  forward  to  the  posterior  surface  of  the  eye- 
ball, where  it  enters  into  and  forms  the  outer  two-thirds  of  the 
scleral  tissue.  Between  the  dura  mater  and  arachnoid,  there  is  a 
space  (e,  Fig.  32) — sub-clural  space;  between  the  pia  mater  and 
arachnoid  is  another  space  (/,  Fig.  32) — sub-arachnoid  space. 
Posteriorly,  these  spaces  are  connected  with  spaces  of  a  similar 
character  in  the  brain ;  anteriorly,  they  terminate  in  blind  ex- 
tremities in  the  sclera.  They  are  lined  with  endothelium  as  are 
other  lymph-spaces. 

The  structure  of  the  optic  nerve,  at  the  point  where  it  enters 
the  eyeball  through  the  sclera  and  choroid,  is  somewhat  differ- 
ent from  that  in  its  other  portions.  At  this  point  it  is  reduced 
in  diameter  from  1^  lines  to  -f  of  a  line,  or  just  one-half.  This 
reduction  in  size  of  the  nerve  at  this  point,  is  at  the  expense  of 
nerve  tissue,  the  nerve  fibres  losing  their  medullary  sheaths, 
only  the  axis  cylinders  remaining.  The  nerve  fibres  up  to  this 
point  are  opaque,  owing  to  the  medullary  sheaths  which  surround 
them ;  from  this  point  forward  into  the  retina,  where  the  nerve 
fibres  spread  out  as  the  nerve-fibre  layer  of  tho  retina,  these 
fibres  are  of  a  grayish,  translucent  appearance,  only  the  axis- 
cylinders  of  the  fibres  remaining,  which  are  all  but  transparent. 

The  manner  of  distribution  of  these  fibres  in  the  retina  itself 
is  to  be  noticed.  The  fibres  near  the  centre  of  the  nerve,  are  the 
longest  and  go  the  periphery  of  the  retina,  the  longest  of  these 
being  the  temporal  fibres  just  above  and  just  below  the  macular 
bundle  of  fibres,  the  shortest  those  going  to  the  nasal  side  of  the 
retina.  The  fibres  near  the  periphery  of  the  nerve,  are  the  short- 
est and  terminate  near  the  optic  nerve  entrance.  There  is  a 
special  bundle  (macular  bundle)  which  goes  to  the  region  of  the 
macula.     These  fibres  spread  out  from    the    temporal  side   of 


ANATOMY    OF    THE    OPTIC    NERVES.  95 

the  optic  nerve,  in  the  shape  of  a  wedge,  the  base  of  the  wedge 
embracing  the  macular  region  of  the  retina,  hence  the  name 
macular  bundle  of  fibres.  The  fibres  in  this  macular  bundle,  are 
much  finer  than  the  other  fibres  of  the  nerve,  and  comprise  from 
one-fourth  to  one-third  of  all  the  fibres  in  the  nerve.  In  the 
immediate  macular  region  an  independent  fibre  is  supplied  to 
each  cone  in  Jacob's  membrane,  which  is  supposed  to  account 
for  the  fact  that  most  acute  vision  is  at  this  part  of  the  ret- 
ina. Furthermore,  the  fibres  from  the  macular  region  of  the 
retina  decussate  at  the  chiasm  and  send  part  of  their  fibres  to  each 
side  of  the  brain,  while  the  fibres  to  the  right  side  of  the  macula 
in  each  eye,  go  to  the  right  side  of  the  brain  alone,  and  those  to 
the  left  side  of  the  macula  in  each  eye,  go  to  the  left  side  of  the 
brain  alone.  The  extreme  acuteness  of  vision,  therefore,  in 
the  region  of  the  macula,  may  be  accounted  for  not  only  by 
its  anatomical  formation  and  its  extra  number  of  nerve  fibres, 
but  perhaps  by  the  additional  fact  that  the  impressions  on  the 
macula  of  each  eye,  are  carried  to  both  sides  of  the  brain  and 
not  to  one  side  alone. 

Lamina  C fibrosa. — At  the  point  where  the  nerve  pierces  the 
inner  layers  of  the  sclera,  and  where  the  nerve  bundles  lose  their 
medullary  sheaths,  numerous  bands  and  fibres  of  connective  tis- 
sue, stretch  across  the  scleral  opening.  These  bands  and  fibres 
are  a  continuation  of  the  innermost  layers  of  the  sclera,  directly 
across  the  course  of  the  optic  nerve  fibres.  A  few  connective- 
tissue  fibres  from  the  margin  of  the  choroidal  opening,  reinforce 
those  from  the  inner  layers  of  the  sclera.  This  layer  of  connec- 
tive-tissue fibres,  from  the  inner  layer  of  the  scleral  and  choroidal 
ring  are  pierced  by  many  small  foramina  for  the  passage  of  the 
separate  bundles  of  optic  nerve  fibres  into  the  eye.  Near  the 
centre,  is  a  larger  opening  than  the  majority  of  the  perforations, 
which  is  for  the  passage  of  the  central  artery  of  the  retina,  and 
is  known  as  the  porus  opticus.  It  is  from  these  many  small 
openings  that  the  name — lamina  cribrosa — is  derived.  The 
la  in  inn  cribrosa,  composed  as  it  is  of  but  one  thin  layer  of  con- 
nective-tissue fibres,  and  this  perforated  by  many  small  open- 
ings, is  the  weakest  point  in  the  walls  of  the  eye.  Hence  the 
predominancy  of  posterior  staphylomata  over  all  other  forms, 
especially  in  myopic  eyes.     Pressure  being  exerted  equally  on 
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all  parts  of  the  inner  surface  of  the  walls  of  the  eye,  the  point 
of  least  resistance  gives  way  first,  and  this  is  usually  at  the  lam- 
ina cribrosa. 

Optic  Disc. — Immediately  on  entering  the  eye,  the  bundles 
of  optic  nerve  fibres  bend  at  almost  right  angles  to  enter  the 
nerve-fibre  layer  of  the  retina,  which  layer  they  compose.  (See 
minute  description  of  this  layer  under  the  anatomy  of  the  retina.) 
The  transparent  optic  nerve  fibres  (composed  only  of  axis  cylin- 
ders here),  filling  up  the  space  between  the  scleral  and  chorioidal 
openings  internal  to  the  lamina  cribrosa,  go  to  form  the  optic 
disc  (B,  Fig.  33).     The  disc  is  on  a  level  with  the  inner  retinal 


Fig   33.— Optic   Nerve    Entrance  into  the  Eye.    (After  Fuchs.)    .4,  Section'  showing  lamina 
cribrosa;  B,  ophthalmoscopic  view  of  disc. 

surface,  and  measures  about  f  of  a  line  in  diameter.  In  the 
centre  of  the  disc  there  is  usually  a  slight  depression,  due  to  the 
bundles  of  optic  nerve  fibres  beginning  to  separate  at  the  centre 
of  the  nerve  immediately  after  they  have  traversed  the  lamina 
cribrosa.  In  the  living  subject,  with  the  ophthalmoscope,  at  the 
inner  or  nasal  side  of  this  depression  the  central  artery  and  veins 
are  seen.  The  arteries,  to  the  inner  side  of  the  veins,  are  easily 
distinguished  from  the  latter  by  their  lighter  color  and  smaller 
size.  External  to  the  vessels  at  the  bottom  of  this  cupping,  can  be 
seen  the  openings  in  the  lamina  cribrosa,  filled  with  the  transpar- 
ent bundles  of  nerve  fibres,  giving  to  this  part  of  the  disc  a  gray- 
ish  stippled  appearance.  Between  this  central  cupping  in  the 
disc  and  its  margin,  it  normally  has  a  yellowish-red  appear- 
ance, the  numerous  small  blood-vessels  traversing  the  disc,  giv- 
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ing  it  this  appearance.  At  the  margin  of  the  disc,  a  narrow 
white  ring  is  often  found,  which  may  extend  entirely  around  the 
margin  of  the  disc  (B,  Fig.  33),  or  may  he  limited  to  the  tem- 
poral side  of  the  disc  as  a  crescent.  This  is  simply  the  margin  of 
the  scleral  opening,  extending  slightly  beyond  that  of  the  choroi- 
dal at  the  entrance  of  the  nerve  into  the  eye.  A  black  ring  of 
choroidal  pigment,  may  surround  the  margin  of  the  disc  ex- 
ternal to  the  white  scleral  ring,  in  whole  or  in  part ;  or  it  may 
be  present  while  the  scleral  ring  is  absent. 

Blood- Vessels. — The  arteries  to  the  optic  tracts,  chiasm, 
and  cranial  portion  of  optic  nerves  are  from  the  pia  mater.  The 
pia  mater  derives  its  blood  supply  from  the  internal  carotid 
and  vertebral  arteries.  The  orbital  portion  of  the  optic  nerves 
also  receives  branches  from  the  pia  mater.  Branches  from  the 
ciliary  and  muscular  arteries  of  the  ophthalmic,  pierce  its  sheaths 
and  help  to  supply  it,  however.  The  arteries  to  the  nerve,  pene- 
trate it  along  the  connective-tissue  sheaths  given  off  from  the 
inner  surface  of  the  pia  mater  (neurilemma)  surrounding  it. 
Anteriorly,  five  to  ten  lines  posterior  to  the  entrance  of  the 
optic  nerve  into  the  eyeball,  it  is  penetrated  obliquely  by  the 
central  artery  of  the  retina,  which  is  surrounded  by  a  special 
sheath  of  its  own  of  connective  tissue.  This  artery  penetrates 
to  the  centre  of  the  nerve,  along  which  it  passes  forward  to  the 
porus  opticus,  its  special  opening  in  the  lamina  cribrosa,  through 
which  it  enters  the  eyeball  to  be  distributed  to  the  retina.  This 
artery  seldom  branches  until  it  reaches  the  optic  papilla,  where 
it  is  usually  divided  into  two  branches,  an  upper  and  a  lower. 
(For  final  termination  of  these  arteries  see  the  blood  supply  of  the 
retina.)  The  veins  from  the  optic  nerve,  empty  into  the  central 
vein  and  the  ophthalmic  vein.  The  vein  corresponding  to  the 
central  retinal  artery,  accompanies  it  in  the  centre  of  the  nerve 
but  is  inclosed  in  a  separate  sheath  of  connective  tissue  of  its 
own.  This  central  vein  is  nearer  the  centre  of  the  optic  disc 
than  the  central  artery,  which  is  nearer  the  nasal  side.  It 
leaves  the  nerve,  a  little  closer  to  the  eyeball  than  where  the 
central  artery  enters  it.  As  a  general  thing,  this  vein  emp- 
ties directly  into  the  cavernous  sinus,  not,  however,  until 
anastomosing  by  several  branches  with  the  ophthalmic  veins. 

The  small  arteries  and  veins  of  the  papilla  are  from  the  nu- 
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trient  vessels  of  the  nerve.  These  are  from  the  central  retinal 
artery  and  the  muscular  and  ciliary  branches  of  the  ophthalmic. 
These  fine  branches  anastomose  with  retinal  and  choroidal  ves- 
sels— a  connection  between  the  ciliary  vessels  and  retinal  vessels 
is  thus  established. 

Physiology. — The  function  of  the  optic  nerves,  chiasm, 
and  optic  tracts  is  to  transmit  retinal  impressions  to  the 
brain.  Those  impressions  which  are  transmitted  to  the  cor- 
tex of  the  brain  in  and  around  the  cuneate  lobe,  the  visual 
centre,  result  in  the  conscious  perception  of  the  retinal  im- 
age, that  is,  vision.  We  may  have  unconscious  sight,  how- 
ever, that  is,  objects  may  be  properly  imaged  on  the  retina 
and  transmitted  accurately  to  the  brain,  but,  if  from  any 
cause  the  ganglion  cells  in  the  cortex  of  the  visual  centres  are 
diseased  or  impaired,  or  if  the  mind  be  intent  on  other  objects 
the  retinal  images  are  not  recognized  as  such.  The  objects  are 
seen  but  the  observer  is  unconscious  of  the  fact.  This  uncon- 
scious seeing  of  objects,  may  take  place  when  there  is  no  disease 
of  the  cortex  of  the  brain  at  the  visual  centres,  as  in  somnambu- 
lists or  sleep-walkers.  People  walking  in  their  sleep  have  their 
eyes  wide  open,  objects  are  imaged  on  their  retinae,  transmitted 
to  the  visual  centres,  and  are  seen,  but  unconsciously.  Fur- 
thermore, unconscious  cerebration  sometimes  takes  place  in  these 
cases,  enabling  them  to  perform  feats,  such  as  walking  upon 
narrow  window-sills,  edges  of  roofs,  and  so  forth,  which  per- 
haps they  could  never  perforin  with  conscious  sight  and  con- 
scious cerebration.  Those  fibres  from  the  optic  tracts  (m,  Fig. 
30)  which  are  traced  to  the  ganglion  cells  at  the  origin  of  the 
oculo-motor  or  third  nerve,  control  the  reflex  action  of  the 
pupil.  Light  impinging  on  the  retina,  makes  an  impression 
which  is  transmitted  along  the  optic  nerves  and  tracts  to  the 
nucleus  of  the  third  nerve,  from  here  it  is  transmitted  back 
along  the  third  nerve  to  the  pupil,  which  contracts,  and  as  the 
result  of  the  original  stimulus  to  the  retina.  The  associate  action 
of  the  pupils  and  the  associate  action  of  the  muscles  are  pre- 
sided over  by  associate  or  co-ordinate  centres;  while  the  volun- 
tary actions  of  the  eye,  are  presided  over  by  centres  situated  in 
the  cortex  of  the  brain. 

The  origin  of  the  fibres  which  form  the  optic  tracts,  their 
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exact  arrangement  in  the  tracts,  chiasm,  and  optic  nerves,  and 
their  final  distribution  and  termination  in  the  retinae,  should  be 
carefully  studied  to  understand  the  especial  function  that  the 
fibres  forming  each  tract  have  to  perforin.  In  fact,  a  thorough 
knowledge  of  these  points  is  absolutely  necessary  in  making 
correct  diagnoses  of  various  affections  of  the  brain,  tracts, 
chiasm,  optic  nerves,  orbits,  and  so  forth. 

It  is  apparent  from  a  glance  at  Fig.  30  that  the  fibres  from 
the  right  optic  tract  supply  the  right  side  of  both  retime — the 
temporal  side  in  the  right  eye  and  the  nasal  side  in  the  left  eye, 
while  the  fibres  from  the  left  tract  supply  the  left  side  of  both 
retinse — the  temporal  side  of  the  left  and  the  nasal  side  of  the 
right.  Now,  since  it  is  a  fact,  that  the  images  of  objects  situ- 
ated to  the  left  of  the  median  line  (F,  Fig.  30)  are  formed  on 
the  right  side  of  each  retina,  it  is  evident  that  these  images  must 
be  transmitted  along  the  temporal  side  of  the  right  optic  nerve 
and  nasal  side  of  left  optic  nerve  to  the  chiasm,  from  here  into 
the  right  optic  tract,  thence  to  the  right  cortex  of  the  brain, 
where  they  are  perceived.  Again,  the  images  of  objects  situated 
to  the  right  of  the  median  line  are  formed  on  the  left  side  of 
each  retina.  These  images  are  transmitted  along  the  temporal 
side  of  the  left  optic  nerve,  and  the  nasal  side  of  the  right  optic 
nerve  to  the  chiasm,  from  here  into  the  left  optic  tract,  thence 
to  the  cortex  in  the  left  brain,  where  they  are  perceived.  It 
follows,  therefore,  that  objects  situated  on  the  left  side  of  the 
median  line,  are  perceived  by  the  right  side  of  the  brain,  and 
objects  situated  on  the  right  side  of  the  median  line  are  per- 
ceived by  the  left  side  of  the  brain.  But  if  the  eye  is  fixed  upon 
an  object  in  the  median  line,  it  is  perceived  by  both  sides  of  the 
brain  at  the  same  time.  This  is  true  of  all  fixed  objects, 
whether  on  the  median  line  or  not.  The  image  of  a  fixed  ob- 
ject, which  we  will  say  is  on  the  median  line  at  F,  Fig.  30, 
is  formed  on  the  temporal  side  of  each  retina,  and  espe- 
cially plain  on  the  macula  of  each  retina.  The  images  from  the 
different  parts  of  this  object  are  transmitted  to  both  sides  of 
the  brain,  and  independently  by  each  eye.  The  images  on  the 
temporal  side  of  each  retina  are  transmitted  to  the  outer  side  of 
each  nerve  respectively,  which  go  uninterruptedly  into  the  outer 
side  of  each  tract  at  the  chiasm,  and  from  thence  to  the  same 
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side  of  the  brain.  But  the  images  on  each  macula,  are  trans- 
mitted along  the  inner  side  of  each  nerve  to  the  chiasm,  and,  as 
the  optic-nerve  fibres  to  the  macular  region  in  each  eye,  partly 
decussate  at  the  chiasm,  sending  some  fibres  to  each  side  of  the 
brain,  images  formed  on  the  maculae,  go  independently  from 
each  macula  to  both  sides  of  the  brain.  Images  formed  on  the 
nasal  side  of  each  retina,  are  transmitted  to  the  inner  side  of 
the  optic  nerves,  which  carry  them  to  the  opposite  side  of 
the  brain  relative  to  the  retina  on  which  they  are  formed.  It 
is  evident  from  the  foregoing,  that  all  fixed  objects  are  per- 
ceived by  both  sides  of  the  brain,  while  objects  that  are  not 
fixed  are  perceived  by  one  side  only,  those  to  the  left  side  of 
the  median  line  by  the  right  side  of  the  brain,  and  those  to  the 
right  side  of  the  median  line  by  the  left  side  of  the  brain. 

Knowing  the  origin,  course,  and  distribution  of  the  fibres 
of  each  optic  tract,  and  the  function  they  perform,  the  loca- 
tion of  any  lesion  which  may  interfere  with  a  proper  perfor- 
mance of  their  function  can  be  determined.  For  example,  a 
lesion  in  the  right  optic  tract,  or  in  the  cortex  of  the  brain 
at  the  visual  centre  on  that  side,  for  that  matter,  would  re- 
sult in  a  want  of  perception  of  unfixed  objects  situated  to  the 
left  of  the  median  line,  and  the  want  of  perception  of  the  left 
halves  of  all  fixed  objects.  This  results  from  the  fact,  that 
all  unfixed  objects  to  the  left  of  the  median  line,  and  the  left 
halves  of  all  fixed  objects  are  imaged  on  the  right  side  of  each 
retina.  But  as  the  right  side  of  each  retina  is  supplied  by  the 
fibres  from  the  right  optic  tract,  and  this  being  diseased  in  this 
case,  these  images  are  not  carried  to  the  brain  at  all.  Conse- 
quently, the  left  half  of  each  field  of  vision  is  cut  off,  re- 
sulting in  the  seeing  of  only  the  right  halves  of  all  fixed  objects. 
Seeing  half  of  objects  only,  is  called  hemiqpia.  In  the  sup- 
posed case  just  cited,  it  would  be  left  hemiopia,  and  homony- 
mous at  the  same  time,  as  the  left  side  of  each  field  is  cut  off, 
leaving  only  the  right  halves  of  fixed  objects  to  be  seen.  A 
lesion  situated  in  the  chiasm  at  the  decussation  of  the  inner 
fibres  of  the  tracts  (s  s,  Fig.  30),  would  result  in  a  want  of  per- 
ception of  objects  imaged  on  the  nasal  side  of  each  retina,  and, 
consequently,  a  cutting  off  of  each  temporal  field — temporal  hem  / 
opia.     A  lesion  in  the  optic  nerve  anterior  to  the  chiasm  re- 
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suits  in  a,  disturbance  of  function  in  one  eye  only,  that  is,  if  the 
lesion  is  limited  to  one  nerve. 
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The  orbits  are  the  bony  cavities  in  which  the  eyeballs  are 
contained  and  by  which  they  are  protected.  They  are  quadri- 
lateral-shaped cavities,  having  the  form  of  four-sided  pyramids 
with  rounded  angles;  the  bases  of  the  pyramids,  the  anterior 
openings  of  the  orbits,  are  directed  forward  and  outward.  The 
apices,  the  posterior  openings  or  optic  foramina,  are  directed 
backward  and  inward  (c,  Fig.  34).  The  axes  of  the  orbits, 
lines  joining  the  centre  of  the  apex  to  the  centre  of  base,  are 
directed  from  without  backward  and  inward  on  a  horizontal 
plane,  inclined  to  each  other  at  an  angle  of  42°  to  45°,  so  that 
if  prolonged  from  the  apices  of  the  orbits  they  would  meet  back 
of  the  sella  turcica  over  the  body  of  the  sphenoid  bone.  The  aver- 
age depth  of  the  orbits  is  about  If  inches. 

Seven  bones  enter  into  the  formation  of  each  of  the  orbits : 
the  frontal,  sphenoid,  ethmoid,  superior  maxillary,  palate,  lach- 
rymal, and  malar.  Three  of  these  bones,  the  frontal,  sphenoid, 
and  ethmoid,  help  to  form  both  orbits,  therefore,  there  are  but 
eleven  bones  in  the  composition  of  both  orbits.  In  a  description 
of  the  orbits  the  walls,  angles,  base,  and  apex  are  to  be  con- 
sidered. 

Walls. — The  superior  ivall  or  roof  of  the  orbit  is  formed  by 
the  orbital  plate  of  the  frontal  bone  anteriorly,  and  by  the  orbital 
surface  of  the  lesser  wing  of  the  sphenoid  bone  posteriorly.  The 
roof  which  separates  the  orbit  from  the  cranial  cavity  and  the 
frontal  sinus,  is  very  thin  and  sometimes  perforated,  leaving 
dura  mater  and  peri-orbita  to  separate  the  orbit  from  the  cranial 
cavity.  The  roof  is  not  a  perfectly  plane  surface,  but  is  concave, 
and  at  its  anterior,  external  portion  presents  a  rather  deep  con- 
cavity, fossa  lachrymalis,  for  the  reception  of  the  lachrymal 
gland.  At  its  inner  anterior  angle  is  a  smaller  depression — 
fovea  trochlearis — in  which  the  pulley  of  the  superior  oblique 
muscle  rests.  In  the  posterior  portion  of  the  roof  a  transverse 
suture  joins  the  orbital  surfaces  of  the  frontal  and  lesser 
wing  of   the    sphenoid    bones.     The    inferior  wall  or  floor  of 
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the  orbit  is  formed  by  the  orbital  plates  of  the  superior  maxil- 
lary, malar  and  palate  bones.  The  first-named  bone  forms  the 
greater  part  of  the  floor.  The  floor  of  the  orbit  separates  the 
orbit  from  the  antrum  in  the  superior  maxillary  bone,  is  thicker 
than  the  roof  and  has  a  slightly  concave  surface,  the  posterior 
portion  of  which  slants  upward  to  the  optic  foramen.  Near 
the  centre  of  its  surface,  running  from  behind  forward,  is 
the  infraorbital  groove,  changed  into  a  canal  as  it  passes 
forward  to  open  on  the  face  about  two  lines  below  the  lower 


Fig.  34. — Anterior  View  of  the  Orbit,  a,  Supraorbital  notch  or  foramen;  /,  superior  internal 
angle;  g,  lachrymal  groove;  i,  inferior  internal  angle;  h,  infra-orbital  foramen;  j,  inferior  external 
angle;  d,  external  rim  of  orbit;  b,  external  superior  angle  of  orbit,  the  sphenoidal  fissure  forming 
the  inner  part  of  it;  e,  spheno-maxillary  Assure;  c,  optic  foramen  (the  line  from  c  not  quite  reach- 
ing to  it). 

orbital  margin  (/?,  Fig..  3-i).  Through  this  canal  the  infra-orbi- 
tal vessels  and  nerve  pass.  At  the  anterior  internal  portion  of 
the  floor,  just  external  to  the  lachrymal  groove,  is  a  small  de- 
pression, from  which  the  inferior  oblique  muscle  has  its  origin. 
Near  its  posterior  portion,  is  a  suture  joining  the  orbital  plates 
of  the  superior  maxillary  and  palate  bones,  and  near  the  anterior 
external  portion  a  suture  (j,  Fig.  34)  between  the  superior  max- 
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illaiy  and  the  malar  bones.  The  inner  wall  approaches  nearer 
to  a  plane  surface  than  any  of  the  other  walls  of  the  orbit  and 
is  almost  perpendicular.  The  nasal  process  of  the  superior  max- 
illary, lachrymal,  os  planum  of  the  ethmoid,  and  the  body  of  the 
sphenoid,  enter  into  its  formation.  The  inner  wall  is  very 
thin,  measuring  only  about  yT  to  -i  of  a  line  in  thickness.  An- 
teriorly, this  wall  presents  the  lachrymal  crests  and  between 
them  the  lachrymal  groove  (g,  Fig.  34),  for  the  reception  of 
the  lachrymal  sac;  also  the  suture  joining  the  lachrymal  and 
ethmoid  bones,  and  further  back  the  suture  between  the  ethmoid 
bone  and  the  body  of  the  sphenoid  bone.  The  outer  wall  of  the 
orbit  is  formed  by  the  orbital  plate  of  the  malar  bone  and  by 
the  orbital  surface  of  the  greater  wing  of  the  sphenoid  bone.  It 
is  the  thickest  and  stoutest  wall  of  the  orbit,  measuring  about 
one  line  in  thickness.  There  are  two  or  three  small  openings 
or  foramina  in  the  outer  wall  anteriorly,  which  transmit  small 
nerve  branches — the  temporal  and  malar  of  the  superior  maxil- 
lary, and  the  malar  branches  of  the  lachrymal  artery.  A  vertical 
suture,  joining  the  orbital  surfaces  of  the  malar  and  the  greater 
wing  of  the  sphenoid  bones,  extends  across  the  middle  of  the 
outer  wall. 

Angles. — The  superior  internal  angle  extends  along  the  su- 
ture joining  the  frontal,  and  the  upper  margins  of  the  lachrymal 
and  ethmoidal  bones  (/,  Fig.  34).  In  this  suture  between  the 
frontal  and  ethmoid  bones  are  two  small  openings — the  eth- 
moidal  foramina.  The  anterior  one  transmits  the  anterior  eth- 
moidal artery  and  vein  and  the  nasal  nerve,  the  posterior  one 
the  posterior  ethmoidal  vessels.  The  inferior  internal  angle 
extends  along  the  suture  between  the  inferior  margins  of  the 
lachrymal  and  os  planum  of  the  ethmoid,  and  the  inner  margins 
of  the  orbital  surfaces  of  the  superior  maxillary  and  palate  bones 
ft  Fig.  34). 

The  inferior  external  angle  is  formed  in  part  by  the  spheno- 
maxillary fissure  (e,  Fig.  34),  and  by  an  imaginary  line  from 
the  anterior  extremity  of  this  fissure  straight  forward  to  the 
margin  of  the  orbit.  The  sphenomaxillary  fissure  transmits  the 
infra-orbital  artery,  the  superior  maxillary  nerve,  the  orbital 
branch  of  the  same  nerve,  and  the  ascending  branches  from  the 
spheno-palatine  ganglion.     The  superior  external  angle  (b.  Fig. 
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34)  extends  along  the  suture  between  the  frontal,  malar,  and 
greater  wing  of  the  sphenoid  bones  into  the  sphenoidal  fissure, 
which  forms  the  posterior  portion  of  the  angle.  The  sphenoidal 
fissure  transmits  the  third,  fourth,  the  ophthalmic  division  of  the 
fifth,  and  the  sixth  nerves,  and  a  few  branches  from  the  cavern- 
ous plexus  of  the  sympathetic  nerves,  the  ophthalmic  vein,  a 
recurrent  branch  from  the  lachrymal  artery,  and  the  orbital 
branch  of  the  middle  meningeal  artery. 

Base. — The  base  of  the  orbit  is  its  facial  opening,  which 
measures  in  the  adult  about  If  inches  in  width  and  1^  inches  in 
height.  It  is  bounded  by  a  strong,  bony  rim  on  three  sides, 
upper,  outer,  and  lower.  Above,  the  rim  is  formed  by  the  thick- 
ened orbital  margin — supra-orbital  arch  of  the  frontal  bone;  ex- 
ternally, by  the  thickened  orbital  margin  of  the  malar  bone  and 
external  angular  process  of  the  frontal ;  below,  by  the  thickened 
orbital  margins  of  the  superior  maxillary,  malar,  and  lachrymal 
bones.  Internally,  the  nasal  process  of  the  superior  maxillary 
and  internal  angular  process  of  the  frontal  are  not  thickened 
into  a  distinct  rim  as  on  the  other  three  sides,  but  slant  off 
gradually  to  join  the  nasal  bone.  The  bridge  of  the  nose,  how- 
ever, protects  the  eyeball  on  the  inner  side.  The  rim  of  the 
orbit  is  pierced  or  notched  above  about  one  inch  from  the  median 
line  of  the  skull  by  the  supra-orbital  notch  or  foramen  (a,  Fig. 
34)  for  the  passage  of  the  supra-orbital  vessels  and  nerve.  There 
are  also  three  sutures  in  the  rim  of  the  orbit ;  externally,  a  suture 
between  the  external  angular  process  of  the  frontal  and  the 
malar  bones ;  internally,  between  the  nasal  process  of  the  superior 
maxillary  and  the  frontal  bones;  and  inferiorly,  between  the 
malar  and  the  superior  maxillary  bones. 

Apex. — The  apex  of  the  orbit  is  represented  by  the  optic 
foramen.  From  the  foramen,  the  canal  leading  into  it,  passes 
backward,  upward,  and  inward  between  the  roots  of  the  lessor 
wing  of  the  sphenoid  bone  into  the  middle  fossa  of  the  skull. 
It  is  about  four  lines  in  length  and  three  lines  in  width.  The 
optic  nerve  and  ophthalmic  artery,  pass  into  the  orbit  through 
this  foramen. 

Soft  Structure. — The  bony  orbit  is  lined  by  a  layer  of  dense 
connective  tissue,  the  periorbita,  which  corresponds  to  the  perios- 
teum lining  other  bony  surfaces.   This  fascia-like  layer  of  connec- 
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tive  tissue  is  more  closely  attached  to  the  margins  of  the 
fissures  and  foramina  leading  into  the  orbit,  and  to  the  rim  of 
the  orbit  than  at  other  portions.  At  the  edges  of  the  fissures 
it  joins  the  dura  mater,  and  at  the  rim  of  the  orbit  with  the 
periosteum  of  the  bones  of  the  face.  From  the  inner  surface  of 
the  periorbita,  numerous  fibres  and  bands  of  connective  tissue 
spring,  which,  in  some  places,  are  widened  into  broad  sheaths 
or  fasciae.  These  connective-tissue  fibres,  bands,  and  sheaths 
serve  to  connect  the  contents  of  the  orbit — eyeball,  muscles,  optic 
nerve,  lachrymal  gland,  vessels,  nerves,  lenticular  ganglion,  and 
fat — with  each  other  and  with  the  bony  orbit.  In  the  posterior 
portion  of  the  orbit,  between  its  apex  and  the  posterior  surface 
of  the  eyeball,  these  connective- tissue  fibres  form  a  close  network 
around  the  optic  nerve  vessels  and  nerves  joining  them  together; 
the  interspaces  between  the  fibres  being  filled  with  fat,  a  cushion 
is  formed  for  the  eyeball  to  rest  upon.  When  there  is  an  ex- 
cessive amount  of  this  fat  in  the  orbit,  it  may  cause  the  eyes  to 
become  a  little  prominent.  In  wasting  diseases,  such  as  tuber- 
culosis or  typhoid  fever  or  diseases  in  which  the  water  is 
rapidly  taken  from  the  tissues  (cholera),  the  eyes  may  become 
sunken  from  shrinkage  of  this  fatty  cushion. 

The  connective-tissue  fibres  from  the  inner  surface  of  the 
periorbita,  form  complete  sheaths  for  the  ocular  muscles. 
Bands  of  connective  tissue  from  these  sheaths,  connect  the 
muscles  to  one  another,  to  the  orbit  and  to  the  lids.  It  is  from 
this  connective  tissue,  furthermore,  that  the  tarso-orbital  fascia, 
which  joins  the  orbital  margins  of  the  lids  to  the  margins  of  the 
orbit,  is  formed. 

Lastly,  distinct  sheaths  for  the  optic  nerves  and  eyeball  are 
formed  from  this  connective  tissue — the  sheath  or  capsule  of 
Bonnet,  and  the  capsule  of  Tenon.  Bonnet's  sheath  surrounds 
the  optic  nerve  from  its  entrance  at  the  optic  foramen  to  the 
posterior  surface  of  the  globe  of  the  eye,  where  it  flares  out  to 
surround  the  posterior  portion  of  the  eyeball,  extending  as  far 
forward  as  the  equator.  From  the  equator  forward  it  is  closer 
applied  to  the  eyeball  and  is  known  as  the  capsule  of  Tenon. 
Just  in  front  of  the  equator  it  is  pierced  by  the  tendons  of  the 
oblique  muscles,  and  a  little  further  forward  it  is  pierced  by  the 
four  tendons  of  the  recti  muscles,  with  which  tendons  it  becomes 
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blended  and  is  attached  to  the  sclera,  a  few  lines  back  of  the 
corneal  margin.  Sheaths  are  given  off  from  the  capsule,  to 
cover  the  muscles  for  a  short  distance  in  the  direction  of  their 
origin,  from  the  point  where  the  tendons  pierce  the  capsule. 
The  spaces  between  Tenon's  capsule  and  the  eyeball,  and 
Bonnet's  capsule  and  the  eyeball  and  optic  nerve  are  to  be 
regarded  as  lymph  spaces.  They  are  lined  by  endothelium, 
as  are  other  lymph  spaces  (Schwalbe,  Germany,  nineteenth 
century).  The  eyeball  moves  in  these  spaces  after  the  fashion 
of  a  ball-and-socket  joint.  Three  rudimentary,  non-striated 
muscles  are  sometimes  found  in  the  connective  tissue  and 
fat  of  the  orbit.  They  are  well -developed  muscles  in  some 
of  the  higher  animals.  The  lower  one  is  the  largest  of  the  three, 
and  is  known  as  the  lower  palpebral  muscle  of  Muller.  It  arises 
in  the  lower  portion  of  the  orbit  from  connective  tissue  and 
periorbita,  runs  forward  and  is  attached  to  the  orbital  border  of 
lower  tarsal  cartilage.  The  upper  palpebral  muscle  of  Muller,  is 
described  under  the  anatomy  of  the  eyelids.  The  other  and 
third  one  is  often  wanting,  being  a  mere  slip  of  organic  muscle 
fibres. 

Blood- Vessels. — The  arteries  to  the  orbit  are  from  the  oph- 
thalmic, a  branch  of  the  internal  carotid.  The  orbital  group  of 
arteries  from  the  ophthalmic  are :  Lachrymal,  supra-orbital,  pal- 
pebral, nasal,  frontal,  anterior,  and  posterior  ethmoidal.  The 
ocular  group  are  ciliary  arteries — long,  short,  and  anterior,  cen- 
tral artery  of  the  retina  and  muscular  branches. 

The  veins  corresponding  to  these  arteries  empty  their  blood 
into  two  main  trunks,  the  superior  and  inferior  ophthalmic 
veins.  These  converge  toward  the  lower  inner  angle  of  the 
sphenoidal  fissure,  and  usually  unite  to  form  one  vein  before 
passing  out  of  the  orbit  through  the  sphenoidal  fissure,  to  empty 
into  the  cavernous  sinus.  The  lower  ophthalmic  vein,  may  not 
join  the  upper,  but  may  pass  out  of  the  orbit  through  the  spheno- 
maxillary fissure  to  empty  into  the  pterygoid  plexus;  or  it  may 
pass  out  of  the  orbit  through  the  sphenoidal  fissure,  and  empty 
into  the  cavernous  sinus,  independently  of  the  upper  ophthalmic 
vein.  The  veins  of  the  orbit,  are  connected  anteriorly  with  the 
anterior  facial  vein,  especially  close  with  the  angular  branch  of 
that  vein.      Consequently,  when  the  venous  blood  is  retarded  in 
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its  flow  through  the  posterior  part  of  the  orbit,  it  can  pass  off 
anteriorly,  and  vice  versa. 

Nerves. — The  motor  nerves  to  the  orbit  are:  the  third, 
fourth,  and  sixth.  The  sensory  are :  from  the  first  division  of 
the  fifth — lachrymal,  nasal,  and  frontal ;  and  from  the  second 
division  of  the  fifth — orbital  and  palpebral  branches.  The  sym- 
pathetic branches  are  from  the  carotid  plexus.  The  lenticular 
ganglion,  described  elsewhere,  receives  motor,  sensory,  and  sym- 
pathetic branches,  and  the  short  ciliary  branches  given  off  from 
it  possess  all  three  of  these  qualities. 

There  are  no  lymphatics  in  the  orbit. 

Functions  of  the  Orbits. — The  function  of  the  orbits  is 
to  furnish  protection  to  the  eyeball  in  its  various  movements. 
This  is  afforded  by  their  deep  position  and  the  thick  rims  which 
make  up  their  margins. 


CHAPTEE   V. 

The  Eyeball  Considered  as  a  Whole. — Comparison  to  a  Camera  Obscura. — The 
Purple  of  the  Retina.  — Draper's  Theory  of  the  Formation  of  Images. — Action 
of  the  Lenses  of  the  Eye. — Duration  of  Impressions  on  the  Retina. — Color 
and  Pitch. — Binocular  Single  Vision. — Erect  Vision. — Estimation  of  Dis- 
tance.— Average  Human  Eye  Not  an  Ideal  Optical  Instrument. 

THE  GENERAL  PHYSIOLOGY  OF  VISION. 

It  may  be  well  at  this  point  to  bring  out  the  principal  facts, 
so  far  as  at  present  known  of  the  physiology  of  vision,  by  con- 
sidering the  eyeball  as  a  whole.  The  old  comparison  of  the  eye- 
ball to  the  camera  used  in  taking  photographs,  is  a  proper  and 
convenient  one.  As  we  have  seen  in  studying  its  anatomy  in 
detail,  it  is  essentially  a  hollow  sphere,  filled  with  fluids  and 
semi-fluids,  having  its  interior  surface  darkened  by  black  pig- 
ment, and  containing  a  system  of  lenses  by  which  images  can  be 
formed  and  a  screen  upon  which  they  may  be  received.  In  the 
front  part  of  the  sphere  is  a  diaphragm,  the  iris,  with  a  movable 
central  opening,  to  regulate  the  quantity  of  light  admitted. 
This  certainly  is  very  like  the  apparatus  used  in  taking  a  photo- 
graph. The  purple  of  the  retina  discovered  by  Boll  and  Kiihne, 
a  coloring  destroyed  by  the  action  of  the  light,  might  lead  us 
to  make  the  comparison  even  more  close.  We  might  conclude 
that  the  retina  is  a  sensitive  plate,  placed  at  the  back  of  the  eye, 
like  that  which  the  photographer  slips  into  his  camera  before 
taking  a  picture,  and  that  the  sensitive  surface  of  the  plate,  the 
sight  purple,  is  worn  out  by  the  action  of  light  in  forming  the 
images,  and  constantly  renewed  again ;  that  the  eyeball  is  not 
only  a  camera  obscura,  but  a  complete  photographic  establish- 
ment. ' 

Prof.  John  W.  Draper  long  since  claimed  for  the  pigment  of 
the  choroid  2  the  function  of  receiving  the  image.     He  said :   "It 


1  E.  T.  Ely,  Wood's  "Household  Book  of  Medicine,"  vol.  ii.,  p.  235. 

2  "  Human  Physiology, "  New  York,  1865,  p.  392. 
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is  the  black  pigment  which  acts  as  the  receiving  or  optical  screen 
and  not  the  retina." 

Draper  argues  that  the  thickness  of  the  retina  is  sufficient, 
without  other  evidence,  to  show  that  it  cannot  be  the  surface  on 
which  an  image  is  formed.  "Images  can  only  form  with  pre- 
cision or  sharpness  upon  an  abrupt  surface."  In  albinos,  he 
continues,  and  in  animals  in  which  the  black  pigment  is  imper- 
fectly developed  the  receiving  surface  is  still  the  choroid.  The 
vision  is  indistinct,  because  this  surface  is  so  poor  a  one,  because 
it  is  so  deficient  in  pigment.  The  act  of  vision  commences,  ac- 
cording to  Draper,  in  a  local  disturbance  of  temperature,  and  this 
doctrine,  he  claims,  is  in  perfect  harmony  with  the  anatomical 
structure  of  the  retina,  the  posterior  surface  of  which  is  its  sen- 
sory one,  and  not  the  anterior.  If  the  ordinary  explanation  of 
the  nature  of  vision  is  correct,  the  anterior  would  be  the  sensory 
one.  Draper  quotes  Count  Rumford  in  his  argument,  who  con- 
cluded from  the  examination  of  a  limited  number  of  cases,  that 
all  photographic  effects  are  the  effects  of  a  high  temperature, 
and  he  substantiates  this  view  by  examinations  conducted  for  a 
series  of  years. 

Vision  according  to  Draper  is  a  photographic  effect,  the  re- 
ceiving surface  being  a  mathematical  superficies.  All  objects 
are  therefore  definite  and  sharply  defined  upon  it.  If  vision  took 
place  in  the  retina  as  a  receiving  medium,  according  to  Draper 
all  objects  would  be  indistinct  at  their  edges.  Dr.  Draper's 
interesting  argument  for  the  pigment  layer  of  the  choroid 
as  the  real  screen  on  which  the  image  is  formed,  may  be  trans- 
ferred to  the  retina,  if  we  consider  that  its  last  layer  is  one  of 
pigment.  He  concludes  with  the  important  statement  that 
the  sensation  of  light  is  purely  mental,  and  that  whatever  can 
disturb  the  nutrition  or  waste  of  the  retina,  will  give  rise  to 
luminous  impressions.  He  adduces  the  pressure  of  the  finger 
on  the  base  of  the  eye,  a  blow,  the  passage  of  an  electric  current, 
as  influences  that  will  produce  the  appearance  of  light  and  of 
colors.  "Heat  is  only  one  of  a  multitude  of  agents  that  can 
disturb  the  retina."  Draper  like  Young,  anticipated  many  an 
exact  demonstration  in  science,  by  the  discovery  of  the  principle 
upon  which  it  depended. 

Even  up  to  this  time,   we  are  not  fully  assured  of  the  func- 
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tions  of  the  visual  purple,  and  we  cannot  carry  the  comparison 
too  far.  The  visual  purple  has  not  yet  been  shown  as  essential 
to  sight,  interesting  as  are  the  phenomena  which  have  been  dis- 
covered in  connection  with  it.  At  one  time  it  was  even  believed, 
or  hoped,  at  least,  that  the  murderer's  face  might  be  found  on 
the  retina,  as  the  window  with  its  panes  and  sashes  were  found 
on  the  retina  of  the  rabbit  beheaded  immediately  after  it  has 
been  exposed  to  the  light  of  mid-day. 

The  cornea,  the  aqueous,  and  the  vitreous  humor  with  the 
crystalline  lens,  together  form  a  compound  convex  lens,  the  re- 
fracting surfaces  of  the  eye.  The  action  of  convex  lenses  out- 
side of  the  eye,  finds  its  exact  counterpart  in  what  goes  on  in 
the  refractive  surfaces  of  the  eye. 

As  is  well  known,  lenses  have  the  power  of  causing  the  rays 
of  light  which  jjass  through  them  to  converge  to  a  point,  or  to 

L 


Fig.  35.— L,  The  lens;  A,  object;  aa,  bb,  rays  of  light  from  two  points  of  object;  B,  image. 

come  to  a  focus,  as  it  is  called.  It  is  on  this  account  that  they 
are  able  to  form  images  of  objects.  Place  a  lighted  candle  a 
few  feet  from  a  white  wall,  and  hold  a  strong  convex  lens  (one 
of  three  or  four  inches  focus)  vertically,  in  a  direct  line  with  the 
flame  and  between  it  and  the  wall.  Then  move  the  lens  back- 
ward and  forward  in  a  line  with  the  flame,  and  a  point  will  be 
found  where  a  distinct  image  of  the  flame  will  be  formed  upon 
the  wall.  An  image  can  be  formed  of  any  luminous  object  in 
the  same  way.  The  image  will  be  found  to  be  smaller  than  the 
object,  and  upside  down.  The  image  is  formed  because  the  rays 
of  light  coming  from  every  point  of  the  object  are  made  to  unite 
in  corresponding  points  behind  the  lens,  by  passing  through  the 
latter.  The  image  is  inverted  because  the  rays,  in  passing 
through  the  lens,  cross  each  other — that  is,  those  coming  from 
the  top  of  the  object  go  to  the  bottom  of  the  image,  etc.  (Fig.  35). 
The  rays  of  light  which  enter  the  eye  from  external  objects 
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are  converged  by  its  compound  lens  in  exactly  the  same  manner. 
All  that  is  required  to  produce  a  clear  image  on  the  screen  (or 
retina)  at  the  back  of  the  eye,  is  to  have  the  proper  relative  dis- 
tances between  the  object,  the  lens,  and  the  retina,  just  as  in 
the  case  of  the  candle,  the  glass  lens,  and  the  wall.  In  the  nor- 
mal eye  these  conditions  are  fulfilled  in  the  act  of  vision.  By 
laying  bare  the  retina  in  animals,  experimenters  have  seen  the 
inverted  images  of  external  objects  formed  there. 

Returning  to  the  experiment  with  the  candle:  as  soon  as  the 
image  on  the  wall  is  distinct,  fix  the  lens  in  its  position.  Then, 
if  the  candle-flame  is  moved — if,  for  instance,  it  is  carried  nearer 
to  the  lens — the  image  on  the  wall  will  immediately  become 
blurred.  To  get  a  distinct  image  again  under  these  new  condi- 
tions, the  lens  must  be  moved  to  another  point,  or  must  be  re- 
placed by  one  of  different  power.  In  the  camera  obscura  the 
lens  can  be  moved  back  and  forth,  so  as  to  form  a  clear  image, 
whatever  the  distance  of  the  object.  In  the  eye,  however,  the 
distance  between  the  lens  and  the  retina  (the  retina  here  repre- 
senting the  white  wall  in  the  experiment)  may  be  said  to  be 
unalterable.  Hence,  as  the  eye  is  required  to  see  objects  at  all 
distances,  it  must  possess  the  faculty  of  changing  the  strength 
of  its  lens  accordingly.  Without  this  faculty,  the  image  on  the 
retina  could  be  distinct  only  within  very  narrow  limits.  This 
power  in  the  eye  is  that  of  adjustment  or  of  accommodation. 
It  is  required  chiefly  for  vision  of  objects  at  short  distances.  As 
soon  as  objects  are  brought  near  to  the  eye,  the  rays  of  light 


Fig.  36.— c.  Cornea;  L,  lens;   R,  retina;  RR,  rajs  of  light. 

from   them  become  more  divergent,   so   that   they  cannot   be 
brought  to  a  focus  by  the  lens  so  quickly. 

Fig.  36  represents  two  rays  of  light  entering  the  eye  from  a 
given  point  of  a  distant  object.1  It  will  be  seen  that  they  are 
united  in  a  point  exactly  on  the  retina. 

1  In  the  ideal  eye  the  distance  between  the  lens  and  the  retina  is  such  that  rays 
of  light,  which  are  parallel  when  they  enter  the  eye,  are  exactly  focused  in  the 
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Fig.  37  represents  two  rays  coming  from  a  point  of  a  near 
object.  It  will  be  seen  that  they  are  more  divergent.  Hence, 
they  cannot  be  brought  to  a  focus  so  quickly.  If  not  interrupted 
in  their  course,  they  would  be  united  in  a  point  behind  the  retina, 


Fig.    37. 

as  shown  in  the  figure.  In  order  to  unite  these  rays  on  the 
retina,  the  lens  must  become  thicker — that  is,  its  converging 
power  must  be  increased.  This  is  actually  done  through  the 
faculty  of  accommodation,  and  this  is  what  that  term  means. 
The  change  is  shown  in  the  figure  by  the  dotted  lines.  The 
nearer  the  object,  the  more  divergent  the  rays  from  it,  and  the 
thicker  must  the  lens  become  to  keep  the  focus  in  the  retina. 
As  the  object  recedes  from  the  eye,  the  lens  must  become  weaker 
again,  which  it  does  by  becoming  natter — less  strongly  curved. 
All  these  changes  in  the  lens  are  accomplished  through  the 
action  of  the  ciliary  muscle,  which  is  the  muscle  of  accommoda- 
tion ;  and  they  take  place  usually  without  any  conscious  effort 
on  our  part.  During  the  act  of  accommodation  the  pupil  con- 
tracts, so  that  the  diverging  rays  from  the  near  object  are  al- 
lowed to  pass  only  through  the  central  part  of  the  lens,  and  thus 
the  image  on  the  retina  is  more  distinct  than  it  would  be  other- 
wise. '  If  one  looks  at  his  own  eye  in  a  mirror,  and  brings  the 
mirror  gradually  nearer  to  his  eye,  he  will  see  this  contraction 
of  the  pupil  take  place. 

In  white  rabbits  and  other  albinos,  Magendie  was  able,  by  re- 
moving the  fat  and  muscles  covering  the  posterior  portion  of  the 

retina.  It  is  found  that  all  rays  from  distances  greater  than  twenty  feet,  are  so 
slightly  divergent  that  they  maybe  regarded  as  practically  parallel.  Hence,  the 
perfect  eye  sees  objects  at  all  such  distances  without  any  use  of  its  faculty  of 
accommodation.     This  form  of  eye  is  ideal  and  very  rare. 

1  Because  the  spherical  aberration  of  the  lens  is  thus  lessened.  The  lens  is 
so  constructed  that  its  density  decreases  from  the  centre  toward  the  periphery, 
and  this  also  tends  to  lessen  its  spherical  aberration. 
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eye,  to  see  the  image  of  a  flame  upon  the  retina  inverted  and 
diminished.1 

In  describing  the  retina,  it  was  shown  that  the  macula  lutea, 
or  yellow  spot,  was  the  most  sensitive  part  of  it,  both  as  regards 
light  and  color,  and  the  part  always  directed  toward  the  object 
of  sight — the  centre  of  direct  vision,  as  it  is  called.2 

A  single  trial  will  show  that,  in  looking  at  an  object,  only  a 
small  part  of  it  is  seen  distinctly  at  one  time.  The  surrounding 
parts  are  seen,  but  they  appear  blurred.  This  is  because  the 
image  of  these  parts  falls  on  portions  outside  of  this  most  sensi- 
tive point — -the  macula.  Hold 
the  accompanying  circle  (Fig. 
38)  about  eight  inches  away, 
and  look  at  it  with  one  eye, 
the  other  being  closed.  It  will 
be  found  that  the  words  in  the 
centre  and  the  words  in  the 
margin  cannot  be  read  at 
the  same  instant.  When  the 
words  in  the  centre  can  be  seen 
with  perfect  clearness,  those 
in  the  margin  will  appear 
blurred. 

As  a  compensation  for  this 
limitation  of  distinct  vision,  the  eyeballs  can  be  rotated  by  their 
muscles  in  every  direction,  so  as  to  command  a  very  extensive 
field  of  view.  These  movements  are  so  rapid  and  so  habitual, 
that  most  persons  are  not  aware  of  the  limitation  nauied.  Im- 
pressions on  the  retina  have  a  certain  duration,  which  is  esti- 
mated to  be  about  one-third  of  a  second.  Many  familiar  experi- 
ments illustrate  this  fact.  A  lighted  torch,  revolved  rapidly 
before  the  eye,  gives  the  impression  of  a  continuous  circle  of 
fire.  In  a  rapidly  revolving  wheel,  the  spokes  cannot  be  distin- 
guished from  each  other. 


Fig   38. 


'Flint,  from  Magendie,  "Physiology  of  Man,"  vol.  v.,  1874,  p.  89. 

-  An  imaginary  straight  line,  drawn  through  the  refractive  centre  of  the  eye, 
from  the  yellow  spot  to  the  point  looked  at,  is  called  the  visual  line,  or  the 
visual  .axis.  It  does  not  coincide  with  the  optic  axis,  and  must  not  be  con- 
founded with  it. 
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The  color  of  light  is  considered  to  be  analogous  to  the  pitch 
of  sound.  As  the  latter  is  determined  by  the  number  of  vibra- 
tions of  the  atmosphere  which  strike  the  ear  in  a  second,  so  the 
former  depends  on  the  number  of  waves  of  ether  which  strike 
the  retina  in  a  second.  The  lowest  note  of  an  ordinary  musical 
scale  has  sixteen  vibrations  per  second;  the  highest  has  20,000 
per  second.  The  number  of  ether-waves  which  strike  the  retina 
in  a  second,  to  produce  the  sensation  of  red  (which  lies  at  the 
bottom,  so  to  speak,  of  our  color-scale),  is  estimated  at  474,439,- 
680,000,000.  The  number  required  to  cause  the  sensation  of 
violet,  which  lies  at  the  other  extreme  of  our  color -perception, 
is  estimated  at  699,000,000,000,000  per  second! 

The  two  eyes  move  in  harmony  with  each  other  in  such  a 
way,  that  the  macula  lutea  of  each  retina  is  always  directed  to 
the  point  looked  at — that  is,  the  two  visual  lines  meet  in  that 
point.  An  idea  of  these  movements,  may  be  gained  by  watch- 
ing another  look  at  an  object  as  it  is  approximated  to  the  eyes. 
As  the  object  is  brought  nearer,  the  eyes  are  turned  in  toward 
each  other  (or  converged)  more  and  more,  so  as  to  keep  the  two 
visual  lines  always  directed  to  the  point  looked  at,  and  thereby 
to  cause  an  image  always  to  fall  on  each  macula. 

It  thus  appears  that  in  ordinary  vision  with  both  eyes,  there 
is  an  inverted  image  of  the  object  formed  at  the  macula  lutea 
of  each  retina.  By  means  of  the  optic  nerves,  the  impressions 
which  these  two  inverted  images  make  upon  the  retinae  are  con- 
veyed to  the  brain,  and  thence  results  a  visual  perception,  the 
object  appearing  to  us  single  and  erect. 

If  one  of  the  eyes  is  turned  so  that  its  macula  lutea  is  not 
directed  to  the  same  point  as  that  of  the  other  eye,  the  two 
retinal  images  will  not  be  united  as  usual,  and  the  object  will 
appear  doubled.  This  double  vision  can  very  easily  be  caused 
if,  when  looking  at  an  object  with  both  eyes,  one  of  the  eyes  is 
made  to  deviate  a  little  from  its  proper  position  by  pressing 
against  it  with  the  finger — as  by  pushing  it  upward  by  pressure 
through  the  lower  lid. 

The  phenomenon  of  single,  erect  vision  from  the  two  inverted 
retinal  images  has  occasioned  much  discussion.  Scientists  have 
given  explanations  of  it  which  seem  plausible  enough,  but  it  can 
be  hardly  said  that  the  matter  is  thoroughly  understood.      In 
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speaking  of  the  perception  of  images  on  the  retina,  it  must  be 
remembered  that  there  is  no  proof  that  the  mind  takes  cogni- 
zance of  them  as  such.  We  can  only  say  that  vision  is  the  re- 
sult of  an  irritation  of  the  nerves  of  the  special  sense  of  sight, 
as  hearing,  smell,  and  so  forth,  are  due  to  irritations  of  other 
special  nerves.  Whatever  we  may  know  of  the  formation  of 
images  on  the  retina,  and  of  the  changes  which  they  excite 
there,  the  perception  of  these  impressions  by  the  brain  must  still 


Fig.  39. 


-Diagram  of  the  Eyes  as  seen  from  above,  showing  the  muscular  apparatus  by 
means  of  which  they  are  directed  toward  the  same  object. 


seem  mysterious  to  us.  Draper  believed  that  the  correction  of 
the  inverted  images  was  made  in  the  macula.1  On  this  subject 
Helmholtz  says  :2  "  Our  natural  consciousness  is  completely  ig- 
norant even  of  the  existence  of  the  retina  and  of  the  formation 
of  images;  how  should  it  know  anything  of  the  position  of 
images  formed  upon  it?" 

It  is  a  curious  fact  that  sensations  of  light  and  of  luminous 
objects  can  be  excited  where  no  light  enters  the  eye,  as  by  blows 
upon  the  eye,  and  by  certain  irritations  in  eyes  which  are  totally 
blind.  In  looking  at  an  object  near  enough  to  require  conver- 
gence of  the  eyes,  the  image  of  each   eye  differs  considerably 


1  Loc.  cit. ,  p.  397. 


"  Optique  Physiologique, "  Paris,  1867,  p.  771. 
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from  that  of  its  fellow.  This  can  be  readily  seen  by  looking 
at  a  near  object,  and  covering  each  eye  alternately.  The  right 
eye  will  see  more  of  the  right  side  of  the  object,  and  the  left  eye 
more  of  the  left  side.  It  is  the  combination  of  these  two  dif- 
ferent impressions  that  gives  us  our  ideas  of  solidity  and  depth 
— what  is  called  the  stereoscopic  effect.  Otherwise,  objects 
would  appear  unduly  flat  to  us.  The  muscular  efforts  required 
to  direct  both  visual  lines  toward  an  object,  and  to  see  it 
distinctly,  are  the  chief  factors  from  which  we  unconsciously 
estimate  the  distance  of  an  object.  This  is  largely  a  matter  of 
education  and  experience.  If  only  one  eye  is  used,  it  will  be 
found  much  more  difficult  to  judge  of  distance  correctly.  The 
average  human  eye,  that  is  to  say,  the  eyes  of  the  most  of  the 
human  race,  has  many  deviations  from  a  perfectly  constructed 
optical  instrument.  But,  as  thus  found,  it  is  well  adapted 
for  vision,  and  is  even,  although  not  an  ideal  apparatus,  one  of 
the  most  wonderful  and  beautiful  parts  of  the  human  organism. 


PART  II. 

THE  RELATIVE  FREQUENCY  OF  DIFFERENT  DIS- 
EASES OF  THE  EYE,  METHODS  OF  EXAM- 
INATION, THERAPEUTICS  AND 
SURGERY  OF  THE  EYE. 


CHAPTER  VI. 

Relative  Frequency  of  the  Various  Affections  of  the  Eye. — Table  prepared 
from  Private  Practice. — Table  from  American  Ophthalmic  Clinics. — Cohn's 
Tables. — A  Combination  of  Them. 

I  have  thought  that  an  instructive  chapter  might  be  found 
in  a  series  of  tables,  illustrating  the  frequency  of  the  various 
diseases  of  the  eye.  I  have,  therefore,  caused  to  be  compiled 
from  the  records  of  my  private  practice,  and  from  the  reports  of 
various  ophthalmic  institutions,  the  following  tables: 


Table  showing  the  various  forms  of  disease  of  the  eye  as  seen 
in  cases  observed  in  various  ophthalmic  institutions: 


Diagram  illustrating  the  Comparative  Occurrence  of  the  Principal  Affections  of  the  Eye. 


Cases. 
Conjunctiva 184,164 

Cornea 126,927 

Refraction  and  ac- 
commodation   87, 870 

Lids 55,400 

Unclassified 30.216 

Lens 25,041 

Muscles  &  nerves    22,613 

Iris 21,843 

Lachrymal  app. . .  14,678 
Optic     nerve   and 

retina 12,515 

Ciliary   body    and 

choroid 9,411 

Globe 8,183 

Amblyopia 2,862 

Solera 2,722 

Vitreous 2,370 

Orbit  1,147 

Total 608.002 


[Table  constructed  on  a  ratio  of  2  per  cent  to  each  ordinate.] 


Per 

Cent. 

30.2900 

20.8866 

14.4522 
9.1101 
4.9697 
4.1185 
3.7192 
3.5925 
2.4108 

2.0583 

1.5478 
1.3458 
0.4707 
0.4477 
0.3898 
0.1886 

100.00 
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The  cases  for  the  above  table  were  treated  in  the  following 
institutions,  as  shown  by  their  annual  reports: 

New  York  Eye  and  Ear  Infirmary  (23  years) 224,972 

Manhattan  Eye  and  Ear  Hospital  (23  years) 94,064 

New  York  Ophthalmic  and  Aural  Institute  (10  years) 56,610 

Massachusetts  Charitable  Eye  and  Ear  Infirmary  (10  years) 95,466 

Brooklyn  Eye  and  Ear  Infirmary  (23  years) 70,568 

Presbyterian  Eye,  Ear  and  Throat  Charitable  Hospital  (Bait.)  (12  yrs.).  53,423 

Illinois  Charitable  Eye  and  Ear  Infirmary  (2  years) 9,933 

Maine  Eye  and  Ear  Infirmary 2,966 

608,002 

Comparing  this  table  based  on  608,002  cases,  collected  from 
eight  institutions  in  the  United  States  from  1870  till  1893,  to 
the  table1  of  Colin  based  on  nearly  300,000  (297,326)  cases,  col- 
lected from  67  European  institutions  from  1862  to  1875,  the 
almost  exact  coincidence  of  the  results  is  remarkable. 


Conjunctiva 

Cornea 

Auti 

ior's  Table. 

Per  Cent. 
30.2900     

Cohn's  Table 

Per  Cent. 
30. 

20.8866     

14.4522    

21. 

Refraction  and  accommodation. 

12. 

9.1101     

9. 

4.9697    . 
4.1185    .   . 

1.50 

Lens 

6. 

Muscles  and  nerves. .          .... 

3.7192     

3.20 

Iris 

. . .  \ 

5.1403     

Glaucoma 

I 
i 

7. 

2  4108    

Globe    

...  j 

2. 

2.5290     

1.3458    

5. 

2. 

Vitreous 

0.4477    

0  3898    

0.4 

0.7 

Orbit 

0.1886    

0.2 

100.00  100.00 

It  will  be  noticed  from  this  comparison,  that  in  diseases  of 
the  conjunctiva,  cornea,  lids,  muscles  and  nerves,  lachrymal  ap- 
paratus, sclera,  vitreous,  and  orbit,  the  difference  in  each  in- 
stance is  less  than  one-half  of  one  per  cent.  The  relative  higher 
per  cent  of  refractive  and  accommodative  cases  in   the  Ameri- 

1  Eulenburg's  "  Real-Encyclopiidie  der  Gesammten  Heilkunde  ;"  2.  Art. -Bio. , 
p.  313. 
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can  table  (14.4522  per  cent)  as  compared  to  the  European  table 
(12  per  cent)  is  significant  in  showing  that  we  in  America  have 
a  higher  per  cent  of  such  cases,  or  that  we  by  more  thorough 
examination  of  the  refractive  condition  of  the  eye,  find  a  greater 
number  of  such  cases.  If  this  table  had  been  taken  from  cases 
treated  in  the  last  four  or  five  years  in  the  American  institutions 
the  difference  would  have  been  greater  still.  To  illustrate :  in 
the  year  1870,  the  New  York  Eye  and  Ear  Infirmary  treated 
within  its  walls  7,387  eye  patients,  186  of  which  were  cases  of 
refraction,  or  2. 5  per  cent.  For  the  year  1892,  there  were  treated 
in  this  same  institution  15,381  eye  patients,  2, 125  of  which  were 
errors  of  refraction,  13.8  percent,  the  relative  increase  of  re- 
fractive cases  being  more  than  five-fold.  And  for  the  year  1892 
at  the  Manhattan  Eye  and  Ear  Hospital,  the  per  cent  of  re- 
fractive cases  was  much  greater  than  that  at  the  Infirmary: 
9,286  eye  patients  were  treated,  2,910  of  which  were  refractive 
cases,  or  31.3  per  cent.  No  doubt  the  per  cent  of  refractive 
cases  has  increased  relatively  in  the  European  institutions,  but 
nothing  like  so  great,  I  suspect,  as  in  America,  where  we  now 
pay  so  much  attention  to  errors  of  refraction  and  accommo- 
dation. School-teachers,  dressmakers,  seamstresses,  milliners, 
type- writers,  and  clerks,  who  are  unable  to  pay  a  fee  for  medi- 
cal advice,  form  a  very  large  proportion  of  those  coming  to  the 
New  York  ophthalmic  institutions  for  advice  about  glasses. 
They  are  extremely  critical,  not  only  about  seeing  well,  but 
they  wish  to  see  the  best  possible. 

A  later  table  from  European  sources  would  be  interesting  for 
comparison,  but  we  have  not  the  means  of  furnishing  it  at  this 
time.  By  combining  the  table  given  here  and  that  of  Colin, 
making  a  grand  total  of  almost  a  million  (905,328)  cases,  the 
table  illustrating  the  relative  frequency  of  the  different  affec- 
tions of  the  eye  is  as  given  on  the  preceding  page. 

The  value  of  such  a  series  of  tables  as  this  is  modified  by 
many  circumstances  that  will  be  at  once  evident  to  the  reader. 
They  do  not  actually  show  the  exact  proportion  of  certain  con- 
ditions, in  the  entire  community,  for  an  illiterate  person,  hav- 
ing no  need  of  close  work  with  his  eyes,  will  not  consult  an 
oculist  on  account  of  an  error  of  refraction,  nor  will  he  even 
come  to  an  eye  clinic  on  account  of  his  sight,  until  it  is  so  much 
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Diagram  illustrating  the  Comparative  Occurrence  of  the  Principal  Affections  of  the  Eye 
Cases. 


Conjunctiva 

Cornea 

Refraction   and  accom- 
modation   


Lids 

Iris,  choroid  and  ciliary 
body  

Lens 

Retina,  optic  nerve  and 

amblyopia 

Muscles  and  nerves .... 

Unclassified  

Lachrymal  apparatus. . 

Globe 

Vitreous 

Sclera 

Orbit 


905,828 


Per 
Cent. 

30.1450 

20.9433 

13.2261 

9.0550 

6.0701 

5.0592 

3.7645 

3.4596 

3.2348 

2.2054 

1.6729 

0.5449 

0.4238 

0.1943 


100.00 


[Table  constructed  on  a  ratio  of  2  per  cent  to  each  ordinate.] 
Diagram  illustrating  the  Relative  Frequency  of  the  Different  Affections  of  the  Eye  [Private  Practice]. 


Affections. 
Refraction  and  ac- 
commodation    8,543 

Conjunctiva 1,055 

Cornea 833 

Optic  nerve  and  ret- 
ina   693 

Lids 577 

Lens 576 

Muscles  and  nerves  522 

Ciliary     body    and 

choroid 270 

Lachrymal  app 219 

Iris 218 

Globe 105 

Vitreous. 84 

Sclerotic 21 

Unclassified 7 

Orbit 5 


13,728 


[Table  constructed  on  a  ratio  of  4  per  cent  to  each  ordinate.] 


Per 
Cent. 

62.2304 
7.6850 
6.0678 
5.0480 
4.2030 
4.1958 
3.8424 
1.9667 
1.5952 
1.5879 
0.7648 
0.6118 
0.1529 
0.0509 
0.0364 

100.00 
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impaired  that  he  can  no  longer  earn  his  living  or  get  about. 
On  the  contrary,  intelligent  and  educated  persons,  in  exact- 
ing occupations,  or  who  are  close  observers,  will  come  at  the 
first  notice  of  even  a  slight  defect.  But  the  tables,  at  least,  give 
an  idea  of  the  great  importance  of  a  good  understanding  of  errors 
of  refraction  and  accommodation,  since  such  a  vast  number  of 
persons  seek  relief  on  account  of  them.  Then  again  practitioners 
in  the  smaller  cities  and  towns,  where  the  general  practitioners 
sometimes  decline  to  treat  even  the  most  common  and  simple 
inflammatory  affections,  will  see  a  larger  proportion  of  inflam- 
matory cases.  In  New  York  City,  a  large  proportion  of  general 
practitioners  treat  such  cases  in  private  practice.  Other  circum- 
stances might  be  mentioned,  which  would  show  that  I  make  no 
claim  to  exact  proportions  of  the  frequency  of  diseases  of  the 
eye,  by  these  tables,  yet  I  think  they  have  a  distinctive  value, 
which  will  cause  them  to  be  appreciated  by  my  readers. 

The  effect  of  the  civilization  of  the  latter  half  of  the  nine- 
teenth century  upon  the  human  eye  is  graphically  portrayed 
in  the  percentage  of  cases  for  which  glasses  are  prescribed. 
The  inventions  of  the  ophthalmoscope  and  the  ophthalmometer, 
here  celebrate  their  triumph. 


CHAPTER  VII. 
THE   EXAMINATION    OF   THE   EYE. 

Exactness  with  which  the  Human  Eye  may  be  Examined. — The  Eyelids,  Color, 
Mobility,  Thickness. — Method  of  Everting  the  Upper  Lid. — Examination  of 
the  Lachrymal  Sac  and  the  Puncta. — Artificial  Illumination. — Oblique  Illu- 
mination.— Elevators. — Tests  for  Vision. — Jaeger's  Test  Types. — Snellen's 
Test  Types. — Some  Patients  Obliged  to  Learn  to  See. — Javal's  Optometer. — 
Tests  of  the  Light  Sense. — The  Ophthalmoscope. — History  of  its  Invention. 
— Method  of  Use. — Principle  upon  which  its  Use  Depends. — The  Direct 
Method. — The  Inverted  Method. — The  Picture  Seen. — Examination  of  the 
Refraction. 

The  human  eye,  in  a  state  of  health  or  disease,  may  be  ex- 
amined as  to  its  condition,  with  more  exactness,  and  certainty, 
than  any  other  organ  of  the  body,  except,  possibly,  the  skin. 
The  eyelids  and  their  lining,  the  conjunctiva,  the  cornea,  the 
sclera,  the  iris,  and  the  pupil  have  always  been  easily  examined 
by  the  unassisted  eye.  By  the  use  of  strong  light  and  a  mag- 
nifying glass,  these  parts  could  be  still  more  closely  studied. 
But  until  the  invention  of  the  ophthalmoscope,  the  space  behind 
the  pupil  remained  almost  entirely  concealed.  It  is  true  that 
marked  changes  in  the  crystalline  lens  could  be  detected  before 
this,  but  when  illuminated  by  the  ophthalmoscopic  mirror,  the 
pupil,  the  retina,  the  choroid,  the  vitreous  humor,  and  the  crys- 
talline lens,  became  as  open  to  exact  study  as  the  common  integ- 
ument. The  trained  observer  has  means  now  at  his  command, 
that  enable  him  to  thoroughly  examine  the  human  eye,  and  to 
leave  comparatively  little  of  the  morbid  changes,  or  normal  ap- 
pearances of  its  structure,  a  matter  of  conjecture  or  inference. 
I  shall  endeavor  in  this  chapter  to  show  the  steps  in  such  an 
examination,  as  practised  at  the  present  day. 

THE   LIDS. 

These  should  be  carefully  looked  at,  unless  it  is  obvious,  at 
the  first  glance,  that  there  is  no  change  in  them  from  the  nor- 
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mal  condition.  The  color,  mobility,  thickness,  as  compared  with 
healthy  lids,  should  be  noted.  The  condition  of  the  eyelashes, 
whether  or  not  they  are  present  in  full  number,  whether  there 
is  any  secretion  at  their  roots,  should  be  observed.  Then  also 
the  mouths  of  the  Meibomian  glands,  at  the  edge  of  the  lids,  in 
the  so-called  tarsal  cartilages,  should  be  examined.  Having 
made  this  general  survey  with  the  aid  of  magnifying  glasses,  if 
the  observer  be  presbyopic  and  not  myopic,  the  upper  lid  should 
be  turned  over  and  examined.  This  latter  is  a  little  manipula- 
tion which  may  cause  the  beginner  in  the  treatment  of  diseases 
of  the  eye,  not  a  little  trouble.  It  will  be  well  for  him,  in  the 
very  outset  of  his  studies,  to  practise  this  method  of  examina- 
tion until  he  is  very  familiar  with  it,  and  is  able  at  once  to 
turn  over  the  lid,  and  carefully  examine  the  mucous  membrane 
with  which  it  is  lined. 

The  inner  surface  of  the  lower  lid  is  easily  exposed,  by  pulling 
the  skin  of  the  lid  downward  with  the  tip  of  one  finger,  while 
the  patient  rolls  the  eye  upward.  To  evert  the  upper  lid,  the 
patient  must  direct  his  eyes — not  his  head — downward ;  the  sur- 
geon then  grasps  the  central  eyelashes  between  the  thumb  and 
finger  of  the  left  hand,  and  pulls  the  lid  a  little  downward  and 
away  from  the  globe ;  he  then  places  the  tip  of  the  thumb  of  the 
right  hand  upon  the  skin  of  the  lid,  well  back  from  its  edge, 
so  as  to  be  beyond  the  upper  limit  of  the  tarsal  cartilage.  He 
then  presses  a  little  downward,  with  the  thumb  of  the  right 
hand,  and  turns  the  edge  of  the  lid  upward  by  means  of  the 
lashes  held  with  the  left  hand.  The  thumb  of  the  right  hand 
may  then  be  removed,  and  the  lid  held  in  its  everted  position  by 
the  left  hand,  while  it  is  examined,  or  while  the  applications  are 
being  made  to  it.  After  a  little  practice,  it  will  be  found  easy 
to  evert  the  upper  lid  in  this  way.  Sometimes  it  will  be  found 
easier  to  turn  it  over  a  probe  or  pencil,  than  over  the  thumb. 
In  small  children,  where  the  lids  are  swollen  and  congested  by 
crying  or  other  causes,  simply  separating  them  with  the  thumb 
and  finger  of  one  hand  will  often  cause  their  inner  surfaces  to 
be  well  everted  and  exposed.  The  next  step  will  be  to  examine 
the  lachrymal  sac  and  the  puncta.  Pressure  upon  the  former, 
and  minute  observation  of  the  latter,  will  be  sufficient  for  this 
purpose.       In  a  normal  condition,  no  mucus  or  tears  will  come 
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out  of  the  punctum,  even  when  the  thumb  is  firmly  pressed  upon 
the  lachrymal  sac. 

The  lids,  conjunctiva,  and  lachrymal  passages  having  been 
thoroughly  looked  at,  the  cornea  should  next  engage  the  atten- 
tion of  the  observer.  This  is  an  important  and  sometimes  diffi- 
cult part  of  the  examination.  Ordinary  daylight,  even  when 
the  examiner's  eyes  are  young  and  sound,  is  not  always  suffi- 
cient to  determine  whether  or  not  there  is  any  impairment  of 
the  transparency  of  this  homogeneous  structure.  Unless  arti- 
ficial light  is  used,  minute  opacities  or  foreign  bodies  may  es- 
cape  observation.     The  best  source  of  artificial  illumination  is 


Fig.  40.— Oblique  Illumination. 

electric  light.  This  is  the  whitest  and  least  trying  to  the  eyes 
of  all  artificial  light.  An  incandescent  electric  lamp  of  the 
strength  of  sixteen  candles  is  sufficient  illumination.  The 
glass  of  the  lamp  should  be  what  is  termed  ground  glass. 

Next  in  order  of  excellence  to  electric  light,  is  gas-light  in  an 
Argand  burner,  or  the  light  of  a  good  oil  lamp.     In  a  case  of 
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emergency,  a  candle  becomes  a  good  source  of  illumination,  and 
when  used  in  the  lamp  here  pictured,  even  an  excellent  one. 

This  lamp  has  many  advantages,  in  its  cheapness,  portability, 
and  efficiency.     Dr.    Loring's   head  mirror 
and  lens,  are  very  useful,  when  no  assistant 
is  at  hand,  in  removing  foreign  bodies,  and 
cauterizing  ulcers  of  the  cornea. 

OBLIQUE    ILLUMINATION. 

Oblique  illumination  is  very  important 
for  examining  the  cornea,  anterior  chamber, 
iris,  pupil,  lens,  and  even  the  most  anterior 
part  of  the  vitreous,  showing  minute  details 
which  escape  the  naked  eye.  To  produce  it, 
daylight,  electric,  gas  or  lamp  light  are  fo- 
cused upon  the  eye,  with  a  2^-inch  (say,  16 
diopters)  convex  lens.  If  a  lamp  is  used  it 
should  be  to  one  side,  and  somewhat  in  front 
of  the  eye  examined,  on  a  level  with  it,  and 
about  two  feet  off.  The  observer's  eye  should 
be  in  the  path  of  the  reflected  rays.  By 
moving  the  lens,  the  cone  of  light  may  be  made  to  traverse  all 
parts  of  the  cornea.     The  appearances  can  be  magnified  by  look- 


Fig.  41. — Lantern  Con- 
taining a  Candle.  (Priest- 
ly Smith.) 


Fig.  42.— Loring's  Head  Mirror.     (From  Vol. I.,  "Text-Book  of  Ophthalmoscopy.") 

ing  through  another  strong  convex  lens,  held  directly  in  front 
of  the  examined  eye.     The  cornea  having  been  examined,  and 
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with  it  the  iris,  having  noted  any  loss  of  transparency  in  the 
former,  any  changes  in  the  color,  or  impairment  of  the  molality 
of  the  iris,  we  are  ready  for  an  examination  of  the  interior  of  the 
eye. 

In  the  case  of  young  children  or  infants  with  any  affection 
of  the  conjunctiva  or  cornea,  producing  photophobia,  or  even  in 
adults,  or  when  there  is  very  great  swelling  of  the  lids,  it  may 
often  become  necessary  to  use  an  instrument  called  an  elevator, 
for  the  purpose  of  opening  the  eye.  Young  children  should  be 
carefully  held  on  the  lap  of  the  attendant,  by  the  feet,  while  the 
head  is  between  the  knees  of  the  surgeon.     The  greatest  care 


Fig.  43.— Elevator. 


Fig.  44 — Method  of  Examining  an  Infant's  Eye. 


should  be  taken  in  the  placing  of  the  elevator  under  the  upper 
lid,  for,  if  the  cornea  be  ulcerated  and  undue  pressure  be  excited, 
it  may  be  ruptured  and  the  lens  evacuated. 

It  goes  without  saying  that  in  quite  a  proportion  of  cases, 
usually  those  of  an  external  inflammatory  nature,  such,  for  ex- 
ample, as  acute  conjunctivitis,  foreign  bodies  on  the  cornea, 
ulcers  of  the  cornea,  of  the  lids,  and  so  forth,  the  examination 
may  end  here. 


VISUAL   TESTS.  129 

VISUAL  TESTS. 

But  in  the  majority  of  patients,  it  will  be  important  to  ex- 
amine the  visual  power,  and  this  is  properly  the  next  step. 
It  is  very  convenient,  if  the  consulting-room  be  so  situated 
that  a  space  of  twenty  feet  can  be,  secured  for  an  examina- 
tion of  the  visual  power.  It  is  also  important  to  secure  a  uni- 
form degree  of  illumination.  The  latter  can  only  be  had  by 
artificial  light,  for  in  many  climates  the  occurrence  of  cloudy 
and  rainy  days  so  changes  the  illumination,  that  the  tests  are 
unreliable.  On  the  other  hand,  the  practitioner  may  be  warned 
against  too  great  detail  in  all  this.  What  is  to  be  found 
out  is  the  patient's  average  vision,  under  ordinary  conditions, 
as  compared  with  the  average  vision  of  ordinary  people. 
Whether  a  person  sees  f-{$-+  or  f-j}-— l  is  not  usually  an  important 
matter  with  good  vision.  But  it  is  an  important  inquiry,  as  to 
whether  his  vision  is  f-g-  or  f-jj-  for  example.  It  is  well  for  tlie 
young  practitioner,  in  the  first  years  of  his  practice,  to  be  very 
punctilious  in  every  detail,  until  finally  his  faithful  routine  will 
develop  a  knack,  or  aptitude,  that  will  enable  him  to  come  to 
correct  conclusions  without  all  the  somewhat  toilsome  proced- 
ures necessary  to  an  exhaustive  examination.  The  close  observ- 
ing traveller  will  forget  much  that  he  sees,  but  his  minute  ob- 
servations will  have  the  effect  of  giving  him,  when  all  else  has 
Jaeger's   Test-Types. 
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ends,  it  is  the  risht  of  the  people  to  nl'er  or  abolish  it,  and  to  institute  a  new  government,  laying  its  foundations  on  euch  principles,  and 
organizing  its  powers  in  such  form,  as  to  them  shull  seem  most  likely  to  effect  Iheir  safety  and  happiness.  Prudence,  indeed,  will  dictate 
thst  Governments  long  estahlised  should  not  he  changed  for  light  and  transient  causes;  and,  accordingly,  all  experience  hath  shown 
that  mankind  are  more  disposed  to  suffer,  while  evils  are  sufferahle,  than  to  rieht  themselves  by  abolishing  the  forms  to  which  they  are 
accustomed.  But  when  a  long  train  of  abuses  and  usurpation-,  pursuing  invariably  the  same  object,  evinces  a  design  to  reduce  them 
under  absolute  despotism,  it  is  their  rifrht.  it  is  iheir  dutv,  to  throw  off  such  government,  and  to  provide  new  guards  for  their  future  secur- 
ity.    Such  has  been  the  patient  sufferance  of  these  Colonies,  and  such  is  now  the  necessity  which  constrains  them  to  alter  their  formei 

faded  out,  a  thorough  knowledge  of  the  essential  and  general 
aspects  of  the  country  through  which  he  has  journeyed.     This 

1  By  |§—  it  is  meant  that  some  but  not  all  of  the  letters  of  §§  are  seen,   and 
by  S{f-|-  that  more  than  all  the  letters  of  fg  can  be  made  out. 
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principle  holds  good  in  observations  in  the  field  of  medicine  and 
surgery. 

There  were  no  accurate  tests  for  vision  until  the  ophthalmo- 
scope was  invented,  but  they  very  soon  followed.  In  1854 
Edward  Jaeger  in  Vienna  and  Alfred  Smee,  in  London,  pub- 
lished a  set  of  test  letters.  These  consisted  of  a  series  of  graded 
type,  ranging  from  the  smallest  that  are  cast,  to  very  large 
letters,  such  as  are  used  in  handbills. 

For  the  purpose  of  determining  near  vision,  the  capacity  to 
read,  to  determine  the  near  point  and  so  forth,  these  have  never 
been  superseded.  They  are  of  themselves,  a  great  advance  in  the 
means  of  exactly  determining  what  a  patient  can  do  with  his 
eyes,  yet  by  their  use  alone  we  cannot  exactly  determine  the 
visual  power.  It  is  a  cardinal  principle  in  the  examination  of 
the  functions  of  the  eye,  that  the  visual  power  shall  be  deter- 
mined at  a  distance  corresponding  to  infinity,  or  the  point  from 
which  the  rays  of  light  entering  the  eye  are  parallel. 

The  normal  visual  angle  was  found  by  the  following  experi- 
ment. Two  black  objects  on  a  white  ground  were  used  as  the 
tests.  It  was  observed  that  they  could  be  seen  as  distinctly 
separate  objects,  when  separated  by  a  space  subtending  an 
angle  of  1'  with  the  eye.  This  limit  is  not  the  lowest  in  all 
cases,  but  sufficiently  so  to  form  a  basis  for  a  scale  on  which  to 
test  visual  acuity.  An  eye  that  has  this  power  or  degree  of  dis- 
crimination, is  said  to  have  full  visual  power.  If,  however, 
the  smallest  angle  be  2',  3',  1',  the  visual  acuity  may  be  expressed 
by  the  fractions  ^,  -J,  ^. 

Instead  of  feet,  there  are  tables  having  metres,  the  smallest 
letters  being  seen  at  6  metres,  the  others  at  9,  12,  18,  24,  36,  and 
60  metres  respectively.  When  a  room  is  too  small  to  admit  of  20 
feet,  or  6  metres,  as  a  testing  space,  an  additional  line  of  letters 
seen  at  15  feet  should  be  added. 


til 

Fig.  45.— Snellen's  Types. 


The  next  step  in  the  examination  of  the  visual  power  is  due 
to  Dr.  H.  Snellen,  of  Utrecht,  in  Holland,  and  his  methods  are, 
essentially,  now  everywhere  followed.     Snellen's  types  were  pub- 
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lished  in  1868.  They  were  founded  upon  the  principle  of  deter- 
mining the  smallest  angle  in  which  the  form  of  a  given  object 
may  be  accurately  seen  at  2<>  feet  distant.  Snellen's  tests  are 
large  Latin  letters,  inclosed  in  a  quadrangle.  The  height  and 
breadth  of  these  letters  are,  as  far  as  possible,  five  times  that  of 
each  of  the  small  quadrangles  of  which  each  letter  is  formed. 
The  numbers  above  them,  CO.,  C,  LXX.,  LXXX.,  XX.,  indicate 
the  distance  in  Parisian  feet  (a  Parisian  foot  equals  324.01  mm. ) 
at  which  these  letters  can  be  seen  at  an  angle  of  5°.  The  visual 
power  is  expressed  by  the  formula,  V  equals  the  distance  the 
letters  should  be  seen,  divided  by  the  distance  at  which  they  are 
actually  seen.     For  example,   if  a  patient  sees  letters  only  20 


Fig.  46. — Diagram  of  Visual  Angle.    (Berry.) 

feet,  that  are  seen  by  a  subject  with  normal  eyes  100  feet,  the 
vision  of  that  patient  is  -^j-.  If  he  sees  letters  that  should  be 
seen  at  40  feet  at  20  feet  only,  his  vision  is  expressed  by  the 
fraction  V=-f$,  and  so  forth. 

Java!,  of  Paris,  has  a  set  of  letters,  upon  a  porcelain  tablet, 
which  are  reflected  by  a  mirror,  into  which  the  patient  looks. 
Beneath  this  is  an  optometer  which  is  shown  in  front  of  the  eye 
of  the  person  being  examined.  This  method  enables  an  exam- 
iner to  use  a  small  room  with  a  range  of  only  ten  feet,  for  the 
mirror  doubles  the  distance.  I  have  used  the  optometer  of  Javal 
for  the  determination  of  what  glass  is  required,  more  or  less,  for 
some  years,  but  I  generally  employ  the  correcting  glasses  from 
the  trial  case,  holding  them  in  the  hand.  Yet  the  instrument 
has  many  advantages,  chief  of  which  is  the  ability  to  change 
the  glass  held  before  the  patient's  eye,  with  great  rapidity,  and, 
at  the  same  time,  to  keep  it  steady. 

Some  patients  are  obliged  to  learn  to  see.     In  other  words,  so 
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Fig.  49.— Tests  for  Those 
who  have  not  learned 
TO  Read. 


Fig.  48.— Javal's  Optometer,  with  Test  Letters  to  be. 
Reflected  in  Mirror. 
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simple  a  thing  as  picking  out  test  letters  requires  practice  (Pom- 
eroy,  Schweigger).  A  hasty  examination  of  the  visual  power 
of  a  patient,  who  has  never  before  tried  to  read  test  letters, 
may  cause  grave  errors.  Without  any  change  in  the  eyes,  a 
second  examination  of  such  patients  shows,  that  they  have 
learned  to  see  letters  which  they  declared  they  were  unable  to  on 
the  first  examination.  Of  course  this  state  of  things  occurs 
chiefly,  if  not  entirely,  among  the  careless  and  stupid,  but  even 
intelligent  and  timid  persons  need  to  be  proceeded  with  slowly 
and  carefully,  if  we  wish  to  determine  their  actual  visual  power. 
We  shall  then  be  on  our  guard  lest  slight  improvements,  say 
from  -|f  to  ■§-§-,  or  f  J}  to  yf,  may  not  be  due  entirely  to  practice 
in  a  new  art,  rather  than  to  actual  improvement  in  vision.  The 
oculist  should  be  provided  with  several  cards  with  different  let- 
ters arranged  upon  them,  and  they  should  not  be  left  exposed  to 
the  gaze  of  the  patient,  when  not  occupied  with  them,  for  there 
is  always  a  class  of  patients  ready  to  cheat  themselves,  by  seem- 
ing to  have  more  sight  than  they  really  possess.  School  chil- 
dren have  a  great  facility  for  remembering  letters  that  they 
have  seen  even  but  once.  Even  those  who  are  nearly  blind, 
who  can  perhaps  only  tell  light  from  darkness,  will  sometimes 
deceive  themselves  by  holding  up  their  own  hands  before  their 
eyes,  and  declaring  they  can  see  them,  when  in  reality  they  only 
see  a  hand  because  they  know  it  is  there. 


THE  LIGHT  SENSE. 

The  tests  for  the  perception  of  colors  will  be  treated  of  under 
Color  Blindness,  and  in  the 
discussion  of  toxic  amblyo- 
pia. There  are  certain  tests 
as  to  sharpness  of  perception 
of  light  for  which  appara- 
tuses are  used,  photometers 
with  which  the  degree  of 
illumination  required  to 
make  an  object  visible,  is 
measured.  Foerster's  pho- 
tometer, consists  of  a  rectangular  box  a  foot  long,  a  little  less 
than  a  foot  in  breadth  and  height,  blackened  inside,  and  fixed 


Fig.  50. — Foerster"s  Photometer. 
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to  a  stand.  There  are  two  apertures,  a  a,  extending  into  short 
projecting  tubes,  for  the  eyes  to  look  through.  The  interior  of 
the  box  is  illuminated  by  a  candle,  L,  kept  always  at  the  same 
height  by  a  spring,  and  placed  at  a  short  distance  from  the 
hole  in  the  box.  The  quantity  of  light  entering  the  box  is 
regulated  by  a  diaphragm.  If  the  area  of  this  diaphragm  be 
known,  the  corresponding  degree  of  illumination  may  be  cal- 
culated. A  couple  of  squares  of  white  paper  of  about  one  inch 
in  size,  and  placed  about  one  inch  apart,  T,  are  the  objects  placed 
in  the  box  to  be  recognized.  Practically,  the  estimation  of 
the  light  sense  is  very  seldom  of  importance.  When  it  is, 
it  may  be  determined  by  tests  that  will  suggest  themselves  to 
any  observer,  a  comparison  being  made  with  a  person  known 
to  have  a  normal  light  sense  and  excellent  vision.  A  set  of  test 
types,  gray  letters  on  a  gray  background  (Bjerrum)  has  been 
arranged  for  testing  the  light  sense.  The  contrast  between  the 
letters  and  background  is  of  course  almost  nil,  while  that  of 
those  usually  employed,  black  on  white,  is  very  great. 

OPHTHALMOSCOPIC  EXAMINATION. 

If  there  is  no  diseased  condition  in  the  external  parts  of  the 
eye,  and  the  vision  be  defective,  the  next  step  will  be  to  take  up 
the  ophthalmoscope.  If,  however,  the  vision  be  f$  or  f$  -f-  even, 
it  will  be  better  to  make  an  examination  with-  the  ophthal- 
mometer before  going  on  to  the  ophthalmoscope,  for  the  reasons 
which  will  be  fully  explained  in  the  course  of  this  chapter,  and 
which  will  be  amply  verified  in  actual  practice. 

The  history  of  the  invention  of  the  ophthalmoscope,  impor- 
tant and  interesting  as  it  is,  is  now  a  twice-told  tale.  In  this 
volume  only  a  meagre  account  will  be  found,  as  we  are  here 
chiefly  interested  in  the  method  of  its  employment,  and  the  best 
one  to  be  used.  The  ophthalmoscope,  as  invented  by  Helmholtz 
in  1851,  is  seldom  or  never  used,  but  the  principle  upon  which 
its  use  depends  remains  the  same,  and  all  the  various  instru- 
ments that  have  been  suggested,  since  the  original  invention 
which  constituted  the  Helmholtz  instrument,  are  the  same  in 
principle.  To  that  illustrious  scientist  will  ever  belong  the  undy- 
ing renown,  resulting  from  the  invention  of  a  practical  method  of 
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clearly  examining  the  interior  of  the  human  eye.  Yet,  like  all 
great  inventions,  the  way  had  been  prepared  for  it.  The  inven- 
tion of  the  ophthalmoscope,  was  made  possible  by  the  observa- 
tions of  those  who  had  discovered  that  the  pupil  could  be  made 
the  channel  of  flooding  the  choroid,  and  retina,  and  optic  nerve 
with  light,  which  would  be  reflected  as  an  image  of  these  parts. 

From  the  earliest  times  the  illumination  of  the  eyes  of  certain 
animals,  especially  those  of  the  cat,  had  been  observed.  This 
was  ascribed  to  a  spontaneous  development  of  light  in  the  eye. 
In  is  10,  this  generally  accepted  view  was  denied  by  Prevost, 
Kudolphe,  and  Gruthuisen. '  The  first-named  writer  showed,  that 
the  illumination  of  the  eye  never  appeared  in  a  perfectly  dark 
room,  and  that  it  was  to  be  regarded  merely  as  a  reflection  of 
light  that  had  actually  entered  the  eye.  Eudolphe,  showed  that 
the  eye  must  always  be  looked  at  in  a  certain  direction  to  get 
this  reflex.  The  observations  of  subsequent  writers  proceeded 
step  by  step,  until  Brucke,  1844-45,  and  Cuming,  1846,  had  ade- 
quately explained  the  conditions  necessary  for  the  illumination 
of  the  eye.  Although  Helmholtz  invented  an  instrument  which 
enabled  the  observer  to  accurately  examine  the  retina,  in  1851, 
this  discovery  was  hardly  known  beyond  Germany,  until  1854, 
and  only  in  the  capital  of  that  country.  In  New  York  City  in 
1860  it  was  in  the  hands  of  but  very  few  young  men.  The  late 
Dr.  E.  Williams,  of  Cincinnati,  was  the  first  in  the  United 
States,  to  introduce  the  instrument  to  the  knowledge  of  the  pro- 
fession in  this  country  and  England  in  1854.  The  late  Dr. 
Edward  G.  Loring2  presented  in  1869  an  ophthalmoscope  for 
measuring  the  refraction  of  the  eye,  as  well  as  for  studying 
its  diseases,  which  is,  with  his  own  and  one  other  modification 
perhaps,  the  best  of  all  its  successors  and  imitators  for  the 
former  purpose. 

Professor  Helmholtz  lately  made  a  visit  to  this  country,  and 
in  a  public  lecture  described  the  invention  of  the  ophthalmo- 
scope.3 He  enumerates  the  facts  known  by  scientific  men  in 
1847.  when  he  began  to  search  for  the  ophthalmoscope,  as 
follows : 


1  "  Der  Augenspiegel, "  Zander,  1862. 

2  Transactions  American  Ophthalmological  Society.  1869. 

3  Medical  Record,  Dec.  16th,  1893. 
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"  I  think  that  no  physiologist  doubted,  until  the  end  of  the  last  cen- 
tury, that  the  eyes  of  cats,  dogs,  oxen,  and  other  mammals,  and  of 
birds,  developed  light  of  their  own  which  shone  forth  at  night.  It 
seemed  to  them  to  be  the  same  process  as  was  observed  in  the  lumi- 
nosity of  insects  in  the  water,  and  so  forth. 

"  Prevost  discovered,  at  the  beginning  of  this  century,  that  the  eyes 
of  mammals  which  appeared  luminous  possessed  a  peculiar  anatomi- 
cal structure,  that  is,  what  by  anatomists  is  called  the  tapetum,  situ- 
ated on  the  background  of  the  eye.  This  tapetum  has  a  very  re- 
splendent surface,  is  composed  of  a  peculiar  kind  of  very  fine  fibres, 
of  very  regular  thickness,  which  throw  off  colors  like  a  layer  of  thin 
plates,  as  was  discovered  by  Newton  long  ago.  This  light  shone 
forth  from  the  eye  of  the  dissected  animal  just  as  it  did  during  life, 
so  that  it  became  very  probable  that  the  light  of  the  living  eye,  was 
really  not  light  originally  produced  by  any  influence  of  the  nervous 
system  on  this  organ,  but  that  it  was  reflected  light.  At  first,  how- 
ever, physiologists  who  had  to  speak  of  these  things  were  rather  at  a 
loss  to  explain  how  the  light  could  get  into  the  living  eye.  I  must 
remark  that  the  intensity  of  the  light  coming  back  from  such  a  lu- 
minous eye  is  often  very  surprising.  Even  if  there  is  no  great 
amount  of  light  in  the  neighborhood  of  the  animal,  the  observer  can 
sometimes  see  the  eyes  of  the  animal  luminous  in  a  very  high  degree. 

"  From  the  time  of  Prevost,  say  about  1810,  at  least,  doubt  awoke 
as  to  whether  this  was  not  only  reflected  exterior  light.  Professor 
Briicke,  of  Vienna,  made  microscopical  examinations  of  the  tapetum 
and  its  relations  to  the  retina,  and  endeavored  to  show  that  the  ani- 
mal having  such  a  tapetum  could  get  a  stronger  luminous  impression 
from  its  retina,  than  another  without  the  tapetum.  He  said  that  if 
there  is  a  tapetum,  and  the  light  is  reflected  from  the  background  of 
the  eye,  through  the  pupil  and  back,  then  the  light  possesses  twice  its 
original  luminosity.  About  1846  the  English  oculist,  Dr.  Wil- 
liam Cuming,  discovered  that  the  experiment  which  had  succeeded 
on  the  luminous  eyes  of  mammalia  could  also  be  performed  on  the 
living  human  eye,  and  everybody's  eyes  could  be  made  luminous. 
It  is  an  entertaining  experiment  in  a  social  gathering,  and 
students  have  applied  it  to  frighten  young  ladies.  The  experi- 
ment is  very  simple.  An  animal  or  human  being  is  put  in  a  dark 
room,  a  light  is  placed  at  some  distance  in  the  background.  The 
eye  of  the  observer  is  nearly  in  a  direct  line  between  the  two.  The 
rays  of  the  light  pass  alongside  the  head  of  the  observer  into  the 
eve  of  the  observed,  are  reflected  back  in  the  direction  from  which 
they   proceeded,    making  the  observed    eye  appear    very   luminous 
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to  the  observer.  The  effect  is  very  curious,  giving  the  impression  of 
seeing  a  spirit  or  any  other  supernatural  phenomenon.  This  ex- 
periment was  first  made  by  Cuming,  and  afterward,  independently, 
by  Briicke. 

"Such  were  the  facts  known  by  scientific  men  in  1847,  when  I 
began  to  search  for  the  ophthalmoscope.  Briicke  knew,  that  the 
nearer  the  eye  of  the  observer  was  to  the  line  of  light  passing  to  the 
eye  of  the  observed,  the  more  luminous  would  the  observed  eye  ap- 
pear. But  nothing  had  been  seen  of  the  interior  structure,  of  the 
seemingly  luminous  eye,  the  impression  given  being  only  that  of  a 
diffuse  appearance  of  light  covering  the  whole  pupil. 

"  In  my  lectures  I  had  to  give  an  account  of  these  experiments,  and 
to  try  to  give  an  explanation  of  the  phenomena.  I  was  obliged, 
therefore,  to  seek  for  an  explanation  myself,  and  I  may  say  that  it 
was  not  difficult  to  find — at  least  for  a  man  who  had  occupied  his 
time  with  reading  physics  and  chemistry,  and  in  making  experi- 
ments, as  far  as  his  scanty  means  would  allow.  Being  acquainted 
with  the  principles  of  optics  as  far  as  they  were  then  known,  I  pro- 
ceeded to  analyze  the  course  of  the  rays  of  light  in  the  experiment 
just  alluded  to,  and  thus  reached  an  explanation  of  the  phenomena, 
the  correctness  of  which  was  afterward  confirmed  by  the  ophthalmo- 
scope." 

Helmholtz  pointed  out  the  fact,  that  although  certain  parts  of 
the  eye  must  absorb  most   of   the   light  which  entered  it,  others, 


Fig.  51.— (After  Loring.) 


especially  the  optic  nerve,  must  reflect  it,  and  that  there  ought  to  be 
some  evidence  of  the  reflection  of  light  from  the  back  of  the  eye, 
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through  the  pupil,  even  if  the  quantity  of  light  was  not  enough  to 
permit  us  to  see  the  back  part  of  the  eye  in  detail.  But,  as  every- 
body knows,  notwithstanding  this  fact,  the  pupil  is  black  in  the 
broadest  daylight.  Helmholtz  showed,  furthermore,  that  the  black- 
ness of  the  pupil  depended  upon  the  optical  law :  that  the  rays  of 
light  leaving  the  eye  must  return  in  the  same  direction  in  which  they 
entered  it,  that  is,  in  the  direction  of  the  source  of  illumination. 
This  maybe  illustrated  by  Fig.  51.  Let  A  be  a  candle  and  B  any 
small  object.  Rays  coming  from  the  candle  would  strike  the 
object  B  and  be  reflected  from  it  by  irregular  reflection  in  all  di- 
rections, and  the  object  would  be  visible  by  means  of  these  reflected 
rays  to  observers  situated  at  different  places  as,  for  example,  at  a,  b, 
c,  d,  e,  f,  the  lines  returning  to  which  may  be  supposed  to  repre- 


FlG.  53.— (After  Loring.) 

sent  the  rays  diverging  from  a  single  point  of  the  object  B.  If  this 
object  be  surrounded,  as  in  Fig.  52,  by  a  spherical  screen  in  such  a 
way  that,  starting  from  the  point  h,  we  pass  round  behind  the  ob- 
ject, and  so  on  till  we  stop  just  short  of  completing  the  circle  at  h' ; 
this  would  cut  off  all  the  rays  incident  and  reflected,  except  those 
which  enter  and  emerge  through  the  narrow  opening  between  h  and 
h'  in  the  direction  of  the  source  of  light ;  consequent^,  as  the  eye 
situated  at  the  points  a,  b,  c,  d,  etc.,  does  not  receive  any  of  these 
return  rays,  the  object  will  not  be  seen,  and  the  aperture  through 
which  the  rays  return  will  necessarily  appear  black.  In  order  to  get 
a  view  of  the  object,  we  must  put  our  eye  in  the  course  of  the  re- 
turning rays,  and  here  is  a  dilemma,  for,  if  we  place  our  eye  at  g, 
that  is,  behind  the  candle ;  this  latter  cuts  off  the  returning  rays,  be- 
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cause  the  flame  is  not  transparent,  and  if  we  place  our  eye  in  front 
of  the  candle,  then  our  head  immediately  cuts  off  the  rays  coming 
from  the  candle,  consequently,  none  can  enter  the  supposed  sphere, 
and  none,  therefore,  return.  This  is  a  sufficiently  exact  representa- 
tion of  the  conditions  of  the  eye  to  warrant  us  in  asserting  that  what 
takes  place  in  one  case  will  also  occur  in  the  other.  We  have  only  to 
add  a  dioptric  system  to  make  the  conditions  practically  the  same.  The 
dioptric  system  of  the  eye  has  no  effect  upon  the  general  direction 
in  which  the  rays  leave  the  eye.  These  must  leave  it  in  the  direc- 
tion opposite  to  that  in  which  they  entered  it,  or  toward  the  source 
of  the  illumination.  Although  the  dioptric  system  does  not  affect 
the  general  direction  of  the  rays  of  light,  it  does  affect  the  amount  of 
their  convergence  or  divergence.  This  can  be  seen  by  the  following 
diagram :  Let  A  (Fig.  5-'5)  be  an  illuminated  point  on  the  fundus  of 
the  normal  eye,  B.  Rays  issuing  from  this  point  will  issue  from  the 
pupil.     If  it  were  not  for  the  lens  the  external  rays  would  proceed  in 


""■•■o' 
Fig.  53.— (After  Loring.) 

the  direction  AO  and  AO',  and  an  observer's  eye  at  either  of  these 
places  would  receive  such  rays.  Meeting,  however,  the  lens  these 
rays  are  rendered  more  convergent  and  bent  in  the  direction  C  and 
C '.  The  observer  will  be  obliged  to  move  his  head  to  this  point  to 
get  the  reflex,  and  the  more  he  moved  his  head  toward  the  median 
line,  the  more  apt  he  would  be  to  cut  off  the  entering  rays. 

Loring  '  illustrates  the  preceding  principle  by  a  French  model  of 
the  eye,  such  as  is  employed  for  teaching  the  use  of  the  ophthalmo- 
scope. If  a  candle  is  placed  before  this,  the  pupil  appears  black,  no 
matter  how  near  or  how  far  off  the  lamp  is.  But  if  we  could  bore  a 
hole  in  the  flame  at  G,  so  as  to  make  a  vacant  space  through  which 
the  rays  might  pass,  we  should  then,  if  we  placed  our  eye  at  G,  be  in 
the  track  of  the  rays  returning  in  the  direction  HG.  This  is  illus- 
trated in  Fig.  54,  which  represents  the  candle  and  model  of  the 
eye  a  foot  or  two  in  front  of  it.     A  metal  tube  is  passed  through  the 

1  "Text -Book  of  Ophthalmoscopy."  Part  I.,  p.  226,  from  which  cuts  from 
Fig.  51  to  Fig.  54  inclusive  are  taken,  and  Dr.  Loring's  account  of  the  phe- 
nomena used  as  the  basis  of  the  text. 


140 


EXAMINATION    OF    THE    EYE. 


centre  of  the  flame,  and  is  held  in  its  position  by  a  wire  twisted 
around  the  candle.     This  makes  a  perforation  through  the  centre  of 


Fig.  54.— (After  Loring.) 

the  flame,  and  the  rays  of  light  returning  to  it  pass  through  the  tube 
and  make  themselves  visible  to  the  eye  placed  in  their  path. 

Helmholtz's  problem,  as  has  been  intimated,  was  then  but  a 
single  step  from  this,  "which  accident,"  as  Loring  says,  "might 
have  stumbled  upon  at  an}"  moment  if  genius,  with  its  unerring 
instincts  and  irrefutable  methods,  had  not  anticipated  it  and  com- 
pletely solved  the  whole  problem.'"  The  source  of  illumination  is 
placed  at  the  side  instead  of  the  front,  and  the  angle  of  incidence 
being  equal  to  the  angle  of  reflection,  it  was  possible  for  the  observer 
to  see  this  image  by  placing  a  plane  mirror,  which  changed  the  di- 
rection of  the  emergent  rays,  in  front  of  the  eye. 

Several  years  before  the  ophthalmoscope  was  discovered,  after 
hearing  Professor  Briicke's  lecture,  one  of  his  students  actually 
performed  this  experiment  in  the  anteroom  of  the  University  of 
Vienna,  having  seen  a  friend's  eye  illuminated  as  he  was  sitting 
by  a  lamp.  Helmholtz  arranged  matters,  b}T  using  a  source  of  illu- 
mination about  one  foot  away  from  an  observation  eye,  and  a  mirror 
consisting  of  three  plates  of  plane  glass  placed  at  a  proper  inclina- 
tion. The  rays  of  light  diverging  from  the  illuminated  point,  and 
striking  on  the  plane  mirror,  were  reflected  just  as  they  were  received, 
the  only  difference  being  that  their  direction  is  changed.  They  strike 
the  cornea,  and  the  eye  being  normal,  or  nearly  so,  and  at  rest,  it 
has  refractive  power  sufficient  to  bring  parallel  rays  to  a  focus  on 
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a  retina.  These  rays  being  divergent  as  they  enter  the  eye  must,  if 
continued,  meet  behind  the  retina,  where  the  image  would  be  formed 
of  the  illuminated  source  if  the  retina  had  not  interfered.  But  the 
observer's  retina  prevents  this  and  cuts  the  cone  of  light  on  this  side 
of  its  apex;  thus  a  circular  illuminated  spot  is  formed  on  its  surface. 
The  size  of  this  illuminated  circle  varies,  of  course,  with  the  distance 
of  the  lamp  from  the  mirror  and  the  kind  of  mirror  used,  and  its 
distance  from  the  eye  to  be  observed.  Experience  has  shown  that  a 
concave  mirror  is  better  for  illuminating  purposes  than  a  plane  one; 
when  we  substitute  a  concave  mirror  of  six  inches  focal  length  for 
the  plane  mirror  the  same  conditions  are  shown.  If  the  lamp  was  at 
such  a  distance  that  the  rays  coming  from  it  were  parallel,  they 
would,  after  reflection,  meet  at  six  inches  in  front  of  the  mirror; 
but  as  they  come  from  a  distance  of  only  twelve  inches,  the  focus 
will  no  longer  be  at  six  but  twelve  inches  from  the  mirror  (£  —  yV  = 
^o).  The  rays  leave  this  mirror  as  a  converging  cone  of  light,  and, 
if  unintercepted,  would  meet  at  a  distance  of  twelve  inches  in  front  of 
the  mirror.  The  observed  eye,  however,  intercepts  this  converging 
cone  and  renders  it  still  more  converging,  and  as  it  is  adapted  for 
parallel  rays,  these  converging  rays  must  come  to  a  focus  in  front 
of  its  retina,  and  crossing  here  will  form  the  illuminated  circle  by  the 
time  they  arrive  at  the  retina. 

In  regard  to  the  rays  which  leave  the  eye,  and  by  means  of  which 
the  various  objects  therein  become  visible,  as  soon  as  the  rays  reach 
the  retina  of  the  eye,  they  are  received  by  the  various  membranes  and 
reflected  in  two  ways :  first,  by  regular  reflection,  as  there  are  some 
polished  surfaces;  secondly,  by  irregular  reflection.  It  is  by  the 
irregular  reflection  that  we  see  the  objects  at  the  back  part  of  the 
eye;  by  the  regular  reflection  we  could  see  only  the  details  of  the 
source  of  illumination.  The  light  thrown  into  the  eye  by  the  oph- 
thalmoscope, is  received  and  thrown  out  by  the  different  membranes 
just  as  if  they  had  produced  them,  and  were  themselves  self-lumi- 
nous bodies.  The  mirror,  the  position  of  the  source  of  illumination, 
and  the  direction  of  the  rays  as  they  enter  the  eye  only  affect  the 
extent  and  brilliancy  of  the  illumination.  They  exert  no  influence 
on  the  direction  of  the  rays  which  leave  the  eye. 

If  we  repeat  these  conditions,  and  suppose  that  the  entering  rays 
have  crossed  each  other  in  the  vitreous,  and  that  there  is  a  circle  of 
illumination  on  the  retina,  rays  will  be  reflected  from  every  point  in 
the  circle.  Some  will  strike  the  sides  of  the  eye  and  be  again  par- 
tially reflected  and  partially  absorbed.  Such  as  do  find  their  way  out 
of  the  pupil  must  leave  the  eye  parallel  to  each  other,  for  the  surfaces 
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from  which  they  started  are  in  the  principal  focus  of  the  lenticular 
system  of  the  eye,  this  being  normal.  Some  of  these  rays  will  pass 
through  the  hole  in  the  mirror,  and  the  eye  of  an  observer  adapted 
for  parallel  rays  and  placed  against  this  hole  would  then  be  in  the 
track  of  the  rays  coming  from  the  illuminated  point,  and  would  thus 
see  this  point,  just  as  it  would  any  other  object. 

Loring's  instrument  was  the  first  practical  ophthalmoscope 
for  examining  the  refraction.  Some  of  the  modifications  in  later 
instruments  had  been  rejected  by  him  in  his  experiments.1  At 
first  he  had  three  discs  to  contain  all  the  necessary  convex 
and  concave  glasses,  but  he  soon  adopted  one  disc.  Fig.  55 
represents  the  instrument  which  Loring  finally  recommended,  as 
the  best  one  for  all  purposes.  This,  I  have  found  an  entirely 
satisfactory  instrument  when  well  made.  It  consists  of  a 
single  disc  and  a  segment  of  a  disc,  as  the  figure  shows. 
Here  it  is  a  quadrant  of  a  circle.  The  single  disc  contains 
sixteen  glasses,  arranged  on  the  metric  system.  The  plus  are 
numbered  in  white  and  the  minus  in  red.  The  first  row  of 
numbers  shows  the  actual  strength  of  the  glass.  The  second 
shows  the  result  of  the  combinations,  when  the  quadrant  is 
in  position.  The  quadrant  rotates  immediately  over  the  disc 
and  contains  four  glasses,  —  .50  D,  —  16  D,  and  -\-  .50,  -j-  16. 
When  the  combination  glasses  are  not  in  use,  the  quadrant  is 
under  its  cover.  The  instrument  is  then  a  simple  refraction 
ophthalmoscope  with  sixteen  openings,  the  signs  running  with 
an  interval  of  one  diopter  and  extending  from  1  to  7  plus 
and  from  1  to  8  minus.  To  use  this  instrument  we  revolve 
from  left  to  right  and  use  a  single  glass  up  to  7  diopters,  then 
by  "  bringing  up  "  in  the  quadrant  a  +  16  D,  and  still  continuing 
to  rotate  the  disc  from  left  to  right,  we  obtain  -f  8  D,  4-  9  D, 
-f-  10  D,  etc.,  up  to  -f-  23  D,  the  highest  +  number  that  can  be 
measured  with  the  instrument.  If  now  we  turn  back  the  quad- 
rant and  rotate  the  disc  to  0,  at  the  aperture,  the  minus 
glasses  (red)  can  be  brought  into  use  by  turning  the  disc  from 
right  to  left,  up  to  — S  D.     By  "bringing  up"  in  the  quadrant 

'Those  who  have  an  interest  in  the  subject  of  modifications  of  the  ophthal- 
moscope for  the  purpose  of  examining  the  refractiou,  will  rind  an  interesting 
correspondence  between  Dr.  Loring  and  Dr.  Knapp  in  the  Medical  Record,  June 
9th,  June  16th,  June  23d,  1877. 
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Fig.  55  C. 
Fig.  55.— The  Loring  Refraction  Ophthalmoscope. 
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— 16  D,  and  continuing  to  rotate  the  disc  from  right  to  left, 
—  9  D,  —  10  D,  etc.,  up  to  —  24  D,  can  be  obtained.  A  total 
series  of  eighty  glasses  may  be  made  by  this  combination  disc. 

Many  modifications  have  been  made  for  the  purpose,  as 
Loring  says,  "  of  determining  minute  discrepancies  of  refraction 
by  those  who  are  able,  or  think  they  are  able,  to  do  it."  As 
will  be  seen,  the  author  of  this  work  does  not  consider  this  a 
matter  of  any  importance,  even  if  it  could  be  always  certainly 
done.  The  ophthalmoscope  is  an  instrument  whose  chief  im- 
portance, is  the  determination  of  the  existence  of  morbid  condi- 
tions in  the  fundus  oculi  and  the  media.  Dr.  Wadsworth's  in- 
genious addition  to  Loring's  ophthalmoscope  was  an  additional 
mirror  of  circular  shape.  Loring  cut  off  both  sides  of  this 
mirror,  and  swung  it  on  two  pins,  so  that  the  mirror  can  be 
inclined  at  an  angle  of  20°.  It  tilts  both  ways.  It  need  not  be 
rotated.     It  is  known  as  a  tilting  mirror,  and  has  proven  a  great 

addition  to  the  ophthalmoscope.  I  use  it 
for  all  purposes,  as  Loring  recommends, 
and  not  the  large  mirror. 

For  the  practice  of  ophthalmoscopy, 
the  student  will  find  one  of  the  artificial 
eyes  adjusted  in  a  frame  and  having  a 
variety  of  morbid  conditions  of  the  fun- 
dus, which  may  be  slid  in  and  out,  to  serve 
very  well,  but  as  soon  as  sufficient  prac- 
tice is  had,  he  will  confine  himself  in  his 
examinations  to  those  of  the  human  eye. 
Among  the  many  varieties  of  this  in- 
strument, some  have  the  back  covered 
(Knapp),  some  have  an  arrangement  by 
which  the  glasses  can  be  readily  turned 
in  front  of  the  eye,  without  removing  it 
(Noyes,  Yalk).  They  have  been  made 
smaller,  and  so  forth.  The  practitioner 
will  find  in  one  of  Loring's  instruments,  as  made  by  the  original 
manufacturer,  H.  W.  Hunter,  by  Meyrowitz,  and  the  other 
opticians  of  New  York,  an  instrument  that  will  completely  sat- 
isfy his  wants.  Yet  if  he  be  extremely  critical  as  to  the  detail 
of  everything  connected  with  the  use  of  the  instrument,  he  may 


Fig.  56. — Phantom  for  Practising 
Ophthalmoscopy. 
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prefer  one  of  the  numerous  modifications,  or  modify  one  for 
himself.  It  is  possible  to  give  too  much  thought  to  the  instru- 
ments to  be  used,  at  the  expense  of  the  ability  to  know  what  is 
seen  with  them,  or  how  to  operate  with  them. 

Illumination. — Electric  light,  that  from  an  argand  gas 
burner,  or  a  good  lamp,  furnish  the  best  source  of  illumina- 
tion. Even  a  candle  will  do  very  well  in  an  emergency,  either 
alone  or  in  the  lamp  figured  on  page  127.  In  ordinary  cases, 
with  an  observer  of  any  considerable  experience,  it  is  not  neces- 
sary to  dilate  the  pupil  with  a  mydriatic.  But  there  will  be 
many  instances,  for  example,  when  we  wish  to  determine  if  any 
minute  opacities  of  the  lens  have  formed,  or  hemorrhages  of  the 
retina  have  occurred,  when  the  most  experienced  observer  will 
do  well  to  use  a  mydriatic,  and  dilate  the  pupil,  in  order  to 
avoid  an  error  in  diagnosis.  A  solution  of  the  hydrochlorate  of 
cocaine,  four  grains  to  the  ounce,  or  a  gelatin  disc  of  sulphate 
of  atropia,  containing  2j000,  5)000,  or  1 0 t 0 0 0'  of  a  grain,  are  very 
well  adapted  for  such  uses.  They  dilate  the  pupil  in  a  few 
minutes,  but  the  dilatation  quickly  passes  off :  if  there  are  no 
adhesions  to  the  capsule  of  the  lens,  the  former  in  ten  to  fif- 
teen minutes,  the  latter  in  a  few  hours. 

When  the  light  enters  the  eye,  part  is  absorbed  aud  part  re- 
flected outward  again  through  the  pupil.  The  reflected  rays 
retrace  precisely  the  course  by  which  they  enter.  To  see  the 
fundus,  the  observer's  eye  must  be  placed  in  the  path  of  those 
rays,  without  intercepting  the  source  of  light.  Ordinarily  this 
would  be  impossible.  The  difficulty  is  overcome  by  the  ophthal- 
moscope (6y>&aA[L<>s,  eye;  exo-sio,  to  look).  A  person  can  learn 
to  be  a  very  skilful  user  of  an  instrument  without  understand- 
ing the  principles  upon  which  it  is  constructed,  just  as  a  navi- 
gator may  learn  to  use  a  sextant  without,  perhaps,  knowing 
all  the  principles  upon  which  it  was  invented.  The  instru- 
ment consists  essentially  of  a  small  plane  or  concave  mirror, 
by  which  light  is  thrown  through  the  pupil  so  as  to  illumine  the 
retina  and  choroid.  The  examination  should  be  made  in  a  dark 
room,  with  a  bright,  steady  light  placed  at  the  side  of  the  patient's 
head,  corresponding  with  the  eye  to  be  observed,  on  a  level  with 
the  latter  and  a  little  behind  it,  so  that  it  will  be  in  shadow.     The 

light  is  received  upon  the  mirror,  and  reflected  thence  into  the 
10 
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unobserved  eye.  The  mirror  thus  becomes  a  source  of  light,  and 
the  observer's  eye,  placed  behind  the  perforation,  can  be  directly 
in  the  path  of  the  rays  reflected  from  the  fundus  of  the  eye  ob- 
served. 

The  Indirect  Method. — In  observing  the  inverted  image 
the  surgeon  holds  the  mirror  close  before  his  eye,  and  the 
illuminated  eye  is  observed  from  a  distance  of  about  12  inches; 
with  the  other  hand  a  biconvex  object  lens  of  11  diopters  is  held 
vertically  before  the  observed  eye,  so  that  the  pupil  lies  about 


Fig.  57. — Indirect  Method. 

in  its  focus;  tlie  lens  may  be  steadied  by  resting  a  finger 
against  the  patient's  forehead,  and  another  finger  may  be  used 
to  raise  the  upper  lid,  if  required.  An  enlarged  inverted 
image  of  the  fundus  is  thus  formed  between  the  lens  and  the  ob- 
server. The  image  may  be  further  magnified  by  using  a  weaker 
object  lens,  8  to  10  diopters,  or  by  placing  a  convex  glass  from  3 
to  4  diopters  behind  the  mirror.  The  optic  disc  is  best  brought 
into  view  when  the  patient  directs  his  eye  a  little  toward  the 
nasal  side  of  the  centre ;  the  macula  is  better  seen  when  he  looks 
straight  ahead.  The  observer  should  examine  the  patient's 
right  eye  and  the  patient's  left  eye   with   his   corresponding 
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one.  In  the  direct  method  no  object-lens  is  used,  and  the 
observer  approaches  to  within  one  to  two  inches,  or  even  with 
the  tilting  mirror  closer  to  the  eye,  using  the  eye  corresponding 
to  the  one  he  examines,  and  relaxing  his  accommodation  as  if 
he  were  looking  into  infinite  distance.  The  image  thus  seen  is 
erect  and  apparently  behind  the  patient's  eye.  It  is  larger  than 
the  inverted  image,  but  the  field  of  vision  is  smaller.  The 
direct  method  is  preferable  for  minute1  and  accurate  examination 
of  details  of  the  fundus,  the  indirect  for  a  general  survey  of  the 
whole  background,  and  for  very  myopic  eyes. 

In  examining  an  eye  with  the  ophthalmoscope,  after  care- 
fully looking  at  the  cornea,  the  media  should  be  first  observed 


Fig.  58.— Direct  Method. 


from  a  distance  of  12  to  18  inches.  If  the  observed  eye  is  moved 
in  all  directions,  and,  especially  if  the  pupil  is  also  dilated,  no 
opacity  of  the  media  need  escape  detection.  For  detecting  very 
minute  opacities,  a  magnifying  glass  of  ten  to  fourteen  diopters 
may  be  used  behind  the  ophthalmoscopic  mirror,  taking  care  to 
have  the  part  examined  about  at  the  focus  of  the  glass.  With 
the  ophthalmoscope,  opacities  of  the  media  usually  appear  black 
against  a  red  background,  while  by  oblique  illumination  they 
have  a  grayish  aspect.  If  the  media  are  clear,  the  pupil  is  filled 
by  a  brilliant  yellowish-red  reflex  from  the  retinal  and  choroidal 
vessels,  more  or  less  modified  by  the  amount  of  pigment  present. 
The  appearances  of  the  fundus  vary  greatly  within  the  limits  of 
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health.  The  optic  papilla  generally  appears  as  a  round  or  verti- 
cally oval  disc,  about  one-seventh  of  an  inch  to  the  inner  side 
of  the  posterior  pole,  slightly  prominent,  of  yellowish- white 
color,  most  marked  on  the  inner  half,  often  bordered  by  pig- 
ment and  by  a  whitish  connective-tissue  ring,  and  marked  by 
white  striae  from  trabecule  of  the  lamina  cribrosa.  The  cen- 
tral vessels  radiate  from  its  centre  into  the  retina.  The  ar- 
teries are  of  a  bright  color  and  straight  course,  with  a  light- 
streak  along  the  centre.  The  veins  are  larger,  darker,  and  more 
tortuous,  with  a  less  brilliant  light-streak.  Venous  pulsation 
appears  on  the  disc,  in  many  cases,  or  if  not,  it  is  easily  pro- 


Fig.  59.— Diagrammatic  Sketch  of  Normal  Fundus.     1,  Optic  papilla;   2,  macula  lutea; 

3,  artery;    4,  veins. 

duced  by  slight  pressure  on  the  globe.  Arterial  pulsation  is  not 
observable  in  a  normal  condition.  Near  the  centre  of  the  disc  is  a 
white,  glistening,  physiological  excavation,  generally  small  and 
shallow,  with  sloping  edges  over  which  vessels  are  seen  to  dip; 
sometimes  it  is  large  or  has  sharp  edges.  The  retina  is  too  trans- 
parent to  be  easily  seen.  It  is  seen  best  in  dark  eyes,  especially 
in  those  of  negroes,  where  it  may  appear  as  a  grayish  film. 
The  macula  lutea  is  the  ellipsoidal  region  at  the  temporal  side 
of  the  disc,  where,  with  the  ophthalmoscope,  no  retinal  blood- 
vessels are  seen.  Near  the  centre  of  this  space,  about  two 
papillary  diameters  from  the  disc,  and  on  a  line  with  the  lower 
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part,  is  a  bright  spot  called  the  fovea  centralis.  This  may  be 
round  or  semicircular  in  shape.  The  pigmented  cells  may  be  seen 
as  small  dots  uniformly  studding  the  fundus,  and  giving  it  a 
granular  appearance.  In  light  eyes,  the  vessels  of  the  cho- 
roidal stroma  may  be  seen  as  bright  red  bands  inclosing  in- 
tervascular  spaces,  and  even  finer  vessels  and  vence  vorticosce 
may  appear.  In  dark  eyes  the  choroidal  vessels  may  be  com- 
pletely hidden,  and  the  fundus  has  a  mosaic  appearance  from 
the  abundance  of  pigment. 

In  what  has  been  said  of  the  direct  method,  it  is  assumed 
that  the  eyes  of  the  patient  and  the  observer  are  nearly  emme- 
tropic, and  with  the  accommodation  relaxed,  that  is,  adjusted  for 
parallel  rays.  Then,  rays  which  emerge  from  the  illuminated 
fundus  of  the  patient's  eye  and  enter  the  observer's  eye  are  paral- 
lel, and  a  distinct  image  is  obtained,  although  the  object  is  but  two 
or  three  inches  away.  If  the  eye  observed  is  not  in  the  condition 
assumed,  the  direction  of  the  rays  is  altered  accordingly,  and 
the  image  is  naturally  indistinct.  In  myopia,  the  emerging  rays 
are  convergent ;  a  concave  glass  must  be  placed  behind  the  hole 
in  the  mirror  to  render  them  parallel  before  entering  the  ob- 
server's eye  in  order  to  give  him  a  clear  image.  In  hyperme- 
tropia  the  emergent  rays  are  divergent,  and  a  convex  glass  is 
used  to  make  them  parallel.  The  glasses  thus  required  to  give 
a  clear  image,  that  is,  to  render  the  emerging  rays  parallel, 
as  in  emmetropia  or  a  very  low  degree  of  hypermetropia,  be- 
come also  a  measure  of  any  existing  departure  from  the 
standard  or  emmetropic,  or,  that  is  to  say,  of  the  refractive  de- 
fect. If  the  observer  is  not  nearly  emmetropic,  he  can  correct 
his  defect  by  a  proper  glass,  and  then  proceed  as  if  he  were  an 
emmetrope.  If  he  cannot  fully  relax  his  accommodation,  he  is 
practically  myopic  to  the  degree  of  accommodation  power  used, 
that  is,  his  eye  is  adjusted  for  divergent  rays.  The  degree  of 
accommodation  used  is  generally  the  same,  and  can  be  found  by 
experiment.  Having  found  this,  the  observer  should  proceed  as 
if  he  had  myopia  of  that  degree.  In  making  calculations,  the 
observer's  defect  must  always  be  allowed  for. 

These  are  the  principles  on  which  the  direct  method  becomes 
so  useful  for  measuring  the  refraction  of  the  eye.  It  is  a  valu- 
able aid  to  other  means,  not  a  substitute  for  them.     This  method 
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is  also  used  for  making  measurements  in  the  depths  of  the  fun- 
dus, as  of  inflammatory  swellings,  tumors,  and  so  forth,  on  the 
principle  that  a  certain  refraction  corresponds  to  a  certain  length 
of  the  antero-posterior  axis.  The  importance  of  an  exact  meas- 
urement of  the  axial  refraction  has  been  greatly  over-estimated 
by  many  writers.  It  is  exceedingly  difficult,  and  I  think  im- 
possible, for  the  most  practised  ophthalmoscopists  to  be  correct 
in  every  case,  as  to  the  degree  of  hypermetropia,  h}rpermetropic 
astigmatism,  or  even  myopia.  Fortunately,  an  approximation 
of  the  exact  condition  will  do  very  well,  especially  since  the 
general  introduction  of  the  use  of  the  ophthalmometer,  has  ren- 
dered it  much  less  important  to  know  the  exact  length  of  the 
eyeball  than  was  formerly  the  case.  If  there  be  no  loss  of 
vision,  and  the  case  appears  to  be  one  that  may  require  correct- 
ing glasses,  or  if  the  ophthalmoscope  have  determined  that  the 
case  actually  is  one  without  lesion  of  the  retina,  choroid,  lens  or 
vitreous,  the  next  examination  to  be  made  is  of  the  cornea,  to 
determine  the  presence  or  absence,  and  degree  and  axis,  if  pres- 
ent, of  astigmatism. 

RETINOSCOPY— THE   SHADOW  TEST. 

The  refraction  of  an  eye  may  be  determined  by  observing 
the  direction  of  the  movements  of  a  shadow  seen  by  rotating 
an  ophthalmoscopic  mirror  when  illuminating  the  choroid 
and  retina.  If  a  concave  mirror  be  used,  the  shadow  will  be 
seen  to  move  in  a  direction  opposite  to  the  movement  of  the 
mirror  in  emmetropia,  hypermetropia,  and  also  in  myopia  of 
such  a  low  degree  that  the  far-point  is  at  a  greater  distance 
from  the  eye  than  that  at  which  the  mirror  is  held.  In  higher 
degrees  of  myopia  the  shadow  will  be  seen  to  move  in  the  same 
direction  as  the  mirror.  A  convex  lens  whose  focus  is  the  same 
as  the  distance  that  the  mirror  is  held  from  the  eye  being  ex- 
amined, will  stop  or  reverse  the  movement  of  the  shadow  in 
an  emmetropic  eye.  In  hypermetropia  this  glass  must  be  sub- 
tracted from  the  glass  that  reverses  the  shadow.  Example: 
Examination  at  30".  If  the  shadow  be  reversed  by  a  -+-  2.50, 
that  is,  +  2.50  D  subtracted  from  1.25  =  1.25  H,  hypermetropia. 
In  myopia  this  glass  is  added  to  the  concave  glass  which  re- 
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verses  the  shadow.  Example:  L.25  D  glass  is  required  to  re- 
verse the  movement  of  the  shadow,  F  1.25  D  -f  1.25  D  =  2.50 
D  =  M.  In  the  examination  for  astigmatism,  the  refraction  of 
any  one  meridian  can  be  ascertained,  by  noting  the  movement  of 
the  shadow  in  that  meridian. 

In  England  and  Germany,  where  the  ophthalmometer  is 
scarcely  used,  the  test  by  retinoscopy  is  considered  of  the 
greatest  importance.  At  the  Royal  London  Ophthalmic  Hospital, 
Moorhelds,  it  is  most  carefully  taught  and  most  implicitly  relied 
upon,  and  in  some  ophthalmic  institutions  and  by  many  practi- 
tioners in  this  country.  It  is,  however,  a  method  of  very  little 
importance  when  the  ophthalmometer  is  properly  employed  and 
relied  upon,  whatever  may  be  the  case.  Some  authorities  even 
use  the  ophthalmoscope,  the  ophthalmometer,  and  practise 
retinoscopy,  and  use  test  glasses  in  order  to  determine  the 
refraction.  This  I  regard  as  entirely  unnecessary  and  illog- 
ical. In  low  degrees  of  myopia,  when  it  may  be  confounded 
with  hyperopia,  the  shadow  test  may  have  a  certain  corroborative 
value.  The  tendency  to  mistake  incipient  myopia  for  hyper- 
metropia  exists  among  those  who  mistakenly  suppose  that 
spasm  of  the  ciliary  muscle  is  a  frequent  occurrence.  To 
correct  this  tendency,  retinoscopy  is  useful,  for  I  do  not  think 
even  the  most  experienced  observers  can  with  certainty,  deter- 
mine by  the  ophthalmoscope  whether  in  a  given  case  one-half  of 
a  diopter  of  myopia  or  the  same  degree  of  hypermetropia  exists. 

My  associate  in  private  practice,  Dr.  J.  B.  Emerson,  has 
practised  retinoscopy  a  great  deal.  He  believes  that  it  is  of  no 
positive  value  except  when  the  eye  is  under  the  influence  of 
atropia  or  some  other  mydriatic,  and  that  it  is  of  no  value,  with- 
out a  mydriatic,  in  determining  whether  in  a  given  case  a  low 
degree  of  hypermetropia  or  myopia  exists.  The  fact  that  it  is 
of  no  positive  value,  except  when  atropia  is  used,  is  an  argument 
for  its  superfluity  as  a  test,  for  with  atropia,  or  any  good  mydri- 
atic, the  test  by  glasses  without  retinoscop\r  is  sufficient.  If  we 
cannot  determine  the  low  degrees  of  myopia  by  this  test,  as  Dr. 
Emerson,  after  great  experience,  thinks  we  cannot,  then  it  has 
hardly  a  shadow  of  a  claim  to  rest  upon  as  an  auxiliary  in  diag- 
nosis, for  we  can  positively  determine  all  but  this  by  the  oph- 
thalmometer and  the  refraction  ophthalmoscope.     The  reader 
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will  find  this  point  fully  discussed  in  the  chapter  on  Myopia 
and  Hypermetropia.  Dr.  Emerson  in  a  verbal  communication 
remarks  as  follows: 

In  testing  with  retinoscopy,  the  patient  is  instructed  to  look 
at  an  object  over  twenty  feet  distant.  In  this  way  it  is  in- 
tended to  get  a  total  relaxation  of  the  accommodation.  The 
examination  is  then  made  in  the  region  of  the  macula,  but  it  is 
really  more  apt  to  be  near  the  nerve.  In  order  to  get  accurate 
results,  the  eye  should  be  placed  under  the  influence  of  a  mydri- 
atic, and  the  patient  be  directed  to  look  at  the  mirror.  Then 
we  may  get  the  refraction  at  the  macula,  which,  as  is  well 
known,  often  differs  from  what  it  is  at  other  parts  of  the  fundus. 
It  is  evident  that  if  the  patient  were  not  under  the  influence 
of  a  mydriatic,  and  was  instructed  to  look  directly  toward  the 
mirror,  the  act  of  accommodation  and  the  contraction  of  the 
pupil  would  make  the  test  difficult  and  unreliable.  In  acquired 
myopia  from  spasm  of  accommodation,  retinoscopy  is  useless,  as 
the  antero-posterior  diameter  of  the  eyeball  is  increased  by  the 
action  of  the  ciliary  muscle  upon  the  lens,  and  thus  the  results 
with  the  shadow  will  be  the  same  as  if  true  myopia  existed. 
The  condition  can  only  be  positively  determined  by  the  use  of  a 
mydriatic. 

Mr.  Bowman1  (London,  1863)  really  invented  retinoscopy, 
when  he  showed  that  it  could  be  used  as  a  means  of  detecting 
differences  of  refraction  in  the  meridians  of  the  eye  b}T  the  use 
of  the  ophthalmoscopic  mirror,  as  he  had  previously  suggested 
its  use  in  conical  cornea.  The  mirror  was  to  be  held  two 
feet  from  the  eye,  and  its  inclination  rapidly  varied,  so  as  to 
throw  the  light  on  the  eye  at  small  angles  to  the  perpendicu- 
lar, and  from  opposite  sides,  in  successive  meridians.  The 
pupil  then  shows  a  somewhat  linear  shadow  in  some  meridians 
rather  than  others.  Mr.  Couper,2  one  of  Mr.  Bowman's 
pupils,  again  took  up  the  subject  in  1872,  and  proposed  a 
special  mirror  of  thirty  inches  focal  length,  and  began  his 
examination  some  five  feet  away.  Javal,  and  Giraud  Toulon 
also  practised  retinoscopy  for  detecting  low  degrees  of  astig- 


'  Donders  :    "Refraction  and  Accommodation,"  London,  1804,  page  490. 
-  Transactions  Fourth  International  Ophthalmologics!  Congress,    London, 
1872,  page  109. 
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matism,  without  knowing  of  Couper's  work.  Since  then  a 
vast  literature  has  accumulated  upon  the  subject.  The 
method  itself  has  been  variously  termed  Skiascopy,  Keratos- 
copy,  Pupiloscopy,  as  well  as  Retinoscopy. 

Loring '  considered  it  the  most  difficult  and  least  satisfac- 
tory of  any  of  the  methods  of  determining  the  refraction  of 
an  eye,  and  he  thought  that  it  contributed  nothing,  which 
could  not  be  more  easily  and  more  quickly  determined  with 
the  upright  image.  He  evidently  regarded  retinoscopy  as 
only  important  to  the  "curious,  and  those  fond  of  optical 
problems  for  their  own  sake." 


1  "Text-Book  of  Ophthalmoscopy,"  vol.  i.,  page  137. 


OHAPTEE  VIII. 

METHODS    OF    EXAMINATION  {Continued). 

The  Ophthalmometer. — Rules  for  its  Use. — Field  of  Vision. — Perimeters. — The 
Blind  Spot. — The  Perception  of  Colors. — Double  Vision. — Paralysis  of  the 
Muscles. — Prisms. — The  Action  of  the  Muscles. — Tests  of  their  Power  In- 
exact and  Unnecessary. — Determination  of  Binocular  Single  Vision. — The 
Simulation  of  Blindness. — Method  of  Recording  Cases. 

To  determine  the  presence  or  absence  of  corneal  astigmatism 
we  employ  an  instrument  which  engaged  the  attention  of 
Helmholtz,  at  a  very  early  period  in  his  optical  investigations, 
and  which  was  actually  invented  by  him,  but  which  has  only 
been  perfected  for  practical  work  in  the  consulting  room  in  the 
last  few  years,  chiefly  through  the  labor  of  Dr.  Emile  Javal,  of 
Paris,  and  his  pupil  H.  Schiotz.  The  instrument  now  in  use  is 
called  the  Javal  and  Schiotz  ophthalmometer.  No  practitioner 
who  proposes  to  do  the  best  work  in  ophthalmology,  can  practise 
without  the  aid  of  this  instrument. 

The  ophthalmometer,  as  invented  by  Helmholtz,  was  used 
by  Donders  and  Knapp,  in  the  first  investigations  of  astigmatism 
since  the  days  of  Dr.  Thomas  Young.  This  instrument  was  suit- 
able only  for  laboratory  work,  for  it  was  necessary  to  make 
quite  formidable  mathematical  calculations  after  the  observa- 
tions with  the  ophthalmometer  were  finished.  For  use  in  the  con- 
sulting room,  it  was  an  impracticable  instrument.  Javal, 
after  using  and  modifying  the  Helmholtz  instrument  in  vari- 
ous ways  for  a  number  of  years,  aided  by  Schiotz,1  finally 
altered  and  perfected  it,  so  that  it  can  be  conveniently  used  in 
the  consulting  room.  As  now  used,  the  ophthalmometer  meas- 
ures and  registers  the  radius  of  curvature  of  the  cornea.  By 
it,  the  difference  between  the  horizontal  and  vertical  meridians 
can  be  determined  in  almost  an  instant. 

The  following  rules  for  the  use  of  the  ophthalmometer,  which 


1  "Memoires  d'Ophthalmometrie, "  by  E.  Javal,  Paris,  1890. 
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are  drawn  from  the  author's  experience,  the  teachings  of  Javal 
and  his  pupils  and  the  papers  of  Dr.  A.  E.  Davis, '  will  be  sufficient 
to  soon  enable  the  surgeon  to  secure  accurate  results.  It  is 
aways  better,  however,  for  the  beginner  to  get  personal  instruc- 
tion in  its  use,  from  an  expert,  if  even  for  a  very  short  period. 
Many  incorrect  estimates  of  the  value  of  the  ophthalmometer 
are  made  from  want  of  knowledge  of  the  manner  of  employing  it. 

1.  The  Illumination. — This  may  be  secured  by  a  large 
window  opening  out  upon  a  stretch  of  fifty  feet  and  upon  the 
sky.  A  north  window  is  to  be  preferred.  Upon  all  clear,  or 
moderately  clear  days,  this  is  sufficient,  but  if  illumination  by 
four  electric  lamps,  each  of  sixteen-candle  power,  or  by  gas  can  be 
secured,  this  is  best  of  all,  for  it  renders  the  examiner  independ- 
ent of  the  weather. 

2.  The  telescope  or  tube  of  the  instrument  is  correctly  ad- 
justed by  turning  it  until  the  cross-hairs,  which  are  in  the  tube, 
are  brought  in  distinct  view.  This  is  done  by  turning  the  ocular 
or  eye-piece  to  the  right,  when  the  observer  is  myopic,  and  to 
the  left,  when  he  is  hyperopia  The  further  to  the  left  the 
eye-piece  can  be  turned,  and  the  cross-hairs  be  still  maintained 
in  clear  view,  the  better.  Dirt  in  the  tube  is  shown  by  irregu- 
larities in  the  calibre  of  the  cross-hairs. 

3.  Place  the  patient  at  the  instrument  with  his  chin  on  the 
chin-rest  and  his  forehead  against  the  forehead-rest,  with  his 
eyes  wide  open  and  upon  a  level.  To  know  when  the  eyes  are 
exactly  horizontal,  which  is  all-important,  one  should  sight 
through  the  transverse  slit  in  the  disc  just  above  the  tube  or  tele- 
scope of  the  ophthalmometer.  This  point  cannot  be  insisted  upon 
too  much,  for  the  least  rotation  of  the  head  will  throw  the  axis 
off  5°  or  10°  from  what  it  really  is,  and  then  the  tests  of  the  axes 
with  the  trial  case,  do  not  correspond  with  the  finding  of  the  in- 
strument, and  the  ophthalmometer  is  blamed,  when  the  exam- 
iner is  at  fault. 

4.  The  eyes  being  on  the  same  plane,  we  are  now  ready  to 
place  the  little  shade  in  front  of  one  eye,  and  to  focus  the  other. 
To  focus  the  eye,  sight  along  the  upper  side  of  the  tube  through 
the  notch  (something  like  a  gun -sight)  at  the  centre  of  the  cor- 


1  New  York  Medical  Journal,  Sept.  10th,  1892,  pp.  291-96;  Oct.  8th,  1892,  pp. 
396-402. 
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nea.  Now  sight  through  the  tube,  at  the  same  time  moving  the 
instrument  forward  and  backward  on  the  table,  and  up  and 
down  by  means  of  the  screw,  until  the  image  of  the  disc,  doubled 
by  the  prism  in  the  telescope  and  the  reflection  inverted  from  the 
cornea,  comes  into  view.  Pay  no  attention  to  the  two  images 
far  out  at  the  sides,  but  notice  the  two  in  the  oval  space. 

5.  Get  the  "primary  position."  The  primary  position  is  that 
point  at  which  the  transverse  lines,  dividing  the  mires  into 
halves,  become  exactly  coincident  so  as  to  form  one  continuous 
straight  line.  This  is  simply  an  indication  (when  there  is  any 
astigmatism)  that  we  have  found  one  of  the  axes  of  the  astig- 
matism. The  other  axis,  in  the  great  majority  of  cases,  is  90° 
from  this.  It  is,  therefore,  at  right  angles  to  it,  and  is  the 
secondary  position.  When  there  is  no  astigmatism,  the  trans- 
verse lines  are  always  opposite  and  coincident.  When  there  is 
irregular  astigmatism  they  are  never  coincident,  and  cannot  be 
made  so.  To  obtain  the  primary  position,  first  turn  the  long 
indicator  to  0°.  If  the  transverse  lines  are  coincident  at  this 
point,  go  no  further ;  the  primary  position  is  obtained.  If  not  co- 
incident at  the  zero  point,  turn  the  tube  from  right  to  left,  and 
go  on  very  slowly,  until  the  two  lines  exactly  coincide,  if  this 
occurs  by  the  time  135°  is  reached.  If  the  transverse  lines  do 
not  become  coincident  before  or  when  135°  is  reached,  go  no 
further  in  that  direction,  but  turn  back  to  0°,  now  turning  the 
tube  from  left  to  right  toward  45°.  The  lines  will  necessarily  be- 
come coincident  before  45°  is  reached.  The  primary  position  is 
never  further  than  45°  on  either  side  of  0°.  If  we  turn  the  tube 
further  than  the  135°  mark  on  one  side  or  the  45°  mark  on  the 
other,  the  instrument  will  read  astigmatism  "with  the  rule" 
when  it  is  really  "against  the  rule,"  and  vice  versa.  When  the 
lines  become  coincident  at  135°  or  45° — the  extreme  limits,  being 
just  half-way  between  0°  and  90°  on  either  side — by  preference 
135°  is  taken  as  the  primary  position.  This  for  the  sake  of 
nomenclature.  We  see,  then,  that  the  primary  position  maj  be 
at  0°  or  any  point  within  45°  of  that  point,  but  never  beyond. 
Having  made  the  cross-lines  of  the  mires  coincident,  it  is  only 
necessary  to  approximate  the  mires  to  be  ready  for  the  next  step. 

6.  Obtain  the  "  secondary  position. "  This  is  secured  by  turning 
the  long  indicator  90°  from  the  primary  position  to  the  left.     If 
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the  mires  overlap,  there  is  astigmatism  with  the  rule,  and  the 
number  of  steps  of  overlapping  is  the  degree  of  astigmatism.  If 
it  overlaps  two  steps,  it  should  be  written  thus:  "Astigmatism 
with  the  rule,  2  D.90°  +  or  180°  —  "  If  the  reflectors  separate  when 
the  second  position  is  reached,  it  indicates  astigmatism  against 
the  rule.  Before  moving  the  indicator  from  the  second  position, 
approximate  the  mires  again,  and  then  turn  back  to  the  primary 
position,  when  the  mires  will  overlap — say  one-half  or  one  or  two 


4s& 


Fig.  60.— Method  of  Using  the  Ophthalmometer. 

steps.  The  result  is  written  thus:  Astigmatism  against  the 
rule,  180°  +  or  90°— .  Following  the  rules  above,  the  long  index 
always  indicates  the  axis  of  the'  convex  glass  to  be  worn,  and 
the  short  index  on  the  reflectors  the  axis  of  the  concave  glass 
that  is  ordered — in  any  case.  The  tube  is  always  turned  from 
the  right  to  the  left,  simply  that  we  may  conveniently  get  at 
the  mire  which  is  to  be  moved.  In  the  cut  the  examiner  is 
shown  moving  the  mire. 
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The  observer  should  accustom  himself,  as  in  using  the 
microscope  and  ophthalmoscope,  to  keep  both  eyes  open  during 
the  examination.  It  is  convenient  and  exact  to  note  the  result 
in  writing  as  soon  as  one  eye  is  examined.  The  relaxation  of 
the  accommodation,  is  important  in  making  observations  with  the 
ophthalmometer. 

Dr.  Van  Fleet1  begins  at  135°,  and  thinks  there  is  an  advantage 
in  this,  as  stated  below, but  I  am  still  strongly  of  the  opinion  that  most 
observers  will  prefer  to  begin  at  90°,  as  directed  in  the  rules  just 
given  and  that  they  form  a  perfect  guide.  Everything  in  them  has 
a  meaning. 

Dr.  Van  Fleet's  directions  are  as  follows : 

"  Starting  with  the  bar  holding  the  mires  in  a  horizontal  position 
the  long  pointer  will  be  at  zero.  The  primary  position  is  obtained 
within  45°  either  side.  Turning  from  this  point  (that  is,  the  point  of 
first  position)  90°  gives  the  second  position.  If  the  mires  overlap  in 
the  second  position,  there  is  astigmatism  with  the  rule.  Any  one 
would  know  from  this  description  the  position  in  which  to  put  the 
axis  of  the  cylinder,  because  with  the  rule  implies  that  the  meridian 
of  greatest  refraction  is  nearer  the  vertical  than  the  horizontal.  If, 
however,  the  principal  meridians  are  at  45°  and  135°,  the  statement 
conveys  no  definite  instruction  as  to  the  position  of  the  meridian  of 
greatest  refraction,  except  that  it  is  at  one  of  these  points,  unless  we 
start  at  a  given  point  for  the  first  position,  from  which  we  must  turn 
always  in  the  same  direction  for  the  second.  This  point  must  be 
either  45°  or  135°.  If  we  start  at  135°  we  must  always  turn  the  long 
pointer  to  the  right,  if  from  45°  to  the  left.  Taking  135°  as  our 
point  of  departure,  we  move  to  the  right,  until  the  mires  line,  for  the 
first  position.  Having  obtained  this,  we  continue  to  move  to  the 
right  for  the  second  position,  and  if  the  mires  overlap,  we  have  as- 
tigmatism with  the  rule.  The  same  rule  applies  if  we  start  at  45°, 
excepting  that  we  must  turn  to  the  left.  It  will  not  do,  however,  to 
start  indifferent^  from  one  or  the  other.  One  must  be  invariably 
chosen  as  the  point  of  departure,  if  we  would  have  uniformity  of  ex- 
pression and  avoid  confusion. 

"  Example  1.— 1 .00  D.  with  the  rule,  axis  90°  or  180°.  Everybody 
knows  the  plus  cylinder  must  be  at  90°  or  the  minus  cylinder  at  180°. 

"  Example  2.— 1.00  D.  axis  45c  or  135°.     Here  there  is  no  with  the 

1  Paper  before  the  section  on  Ophthalmology,  New  York  Academy  of  Medi- 
cine, December,  1893. 
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rule  or  against  the  rule.  It  conveys  no  idea  how  the  plus  or  minus 
cylinders  are  to  be  placed. 

"Example  3. — Starting  from  135°,  getting  the  first  position,  and 
continuing  to  the  right,  if  the  mires  overlap,  calling  it  astigmatism 
with  the  rule,  would  give  an  invariable  guide  for  the  position  of  the 
cylinders  no  matter  where  the  principal  meridians  are. 

"  In  place  of  the  method  of  starting  at  0,  it  would  be  preferable,  and 
having  two  points  where  there  is  no  rule,  to  abolish  the  terms  with 
and  against  the  rule  altogether. 

"  No  matter  where  we  start,  if  the  lines  on  the  mires  coincide  and 
are  in  apposition,  and  if  they  overlap,  in  turning  90°  from  this  point, 
the  long  pointer  in  the  overlapped  position  indicates  the  meridian  of 
greatest  refraction,  and  of  course  the  axis  of  the  plus  cylinder.  We 
would  then  say,  Astigmatism  45  4-  135  — ,  or  90  +  180  — ,  etc.,  etc." 

The  instrument  as  finally  perfected — so-called  model  of  1889 — 
consists  of: 

1.  A  telescope  supported  by  an  upright,  mounted  upon  a 
tripod. 

2.  A  large  graduated  steel  disc  or  dial  attached  to  the  tele- 
scope. 

3.  A  graduated  arc. 

4.  Two  mires  designated  "the  steps"  and  "the  parallelo- 
gram," which  are  both  attached  to  the  arc. 

5.  A  solid  metal  brass-finished  base,  with  a  support  for  the 
head  by  means  of  an  adjustable  chin-rest. 

6.  Gas  or  electric  light  apparatus  attached  to  the  head-rest 
for  illumination. 

The  telescope  and  disc  rest  on  a  tripod,  as  seen  in  the  picture, 
which  is  moved  backward  and  forward  on  a  stand,  preferably 


Fig.  61.— The  JIires. 


made  of  metal.  The  head -rest  is  also  shown  in  the  picture,  and 
the  means  of  illumination  by  electric  light.  The  mires  are  some- 
times called  targets.     They  are  also  represented  in  the  drawing. 
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It  is  the  overlapping  of  these  mires  on  the  second  turning,  as 
described  in  the  directions  for  using  the  instrument,  which  de- 
termines the  degree  of  astigmatism  with  the  rule.  In  the  older 
instrument  a  complete  parallelogram  and  a  parallelogram  cut 
away  in  the  form  of  steps  were  used,  but  the  reflected  image 
which  is  observed  on  the  cornea  is,  I  think,  preferably  made 


Fig.  62.— Mires  Exactly  Approximated.  Fig.  63. — Mires  Overlapping. 


with  the  mires,  than  with  the  steps  of  the  first  model.  The 
separation  of  these  mires,  on  the  second  turning  indicates  astig- 
matism against  the  rule,  and  the  overlapping  on  the  third  turn- 
ing of  90°  would  show  the  degree  of  astigmatism  against  the 
rule.  If  no  astigmatism  at  all  exists,  there  is  no  overlapping 
and  no  separation  on  the  second  turning. 

A  recent  alteration  is  a  thumb-screw,  fixed  on  the  graduated 
arc.  By  means  of  this  screw,  both  of  the  mires  are  made  to 
move  at  the  same  time,  and  to  an  equal  extent,  one  not  remain- 
ing fixed  on  the  arc  at  20°  from  its  centre,  as  before,  while  the 
other  was  left  to  do  all  the  moving.  Dr.  A.  E.  Davis  has  used 
this  improved  ratchet  in  his  office  for  about  two  months. 

Dr.  Thos.  Reid,  of  Glasgow,  has  invented  a  portable  ophthalmo- 
meter.1 I  have  had  no  opportunity  to  use  this  instrument,  and  I  can 
say  nothing  of  it  except  what  is  said  by  the  inventor,  a  well-known 
authority  in  ophthalmology.  The  essential  parts  of  his  instrument 
are  an  aplanatic  convex  lens  of  known  focus,  a  rectangular  prism 
neutralized  in  its  centre  by  a  smaller  prism,  one  side  of  the  rectangu- 
lar prism  being  adjacent  to  the  lens,  and  the  circular  or  other  disc 
being  opposite  the  other  side  in  the  principal  focus  of  the  lens. 
When  the  instrument  is  held  in  front  of  the  convex  reflecting  sur- 
face, with  the  disc  turned  toward  a  luminous  body,  a  virtual  image 
of  the  disc  will  be  formed  at  a  virtual  focus  of  the  convex  reflecting 
surface.  This  image  will  only  be  seen  distinctly  by  the  emmetropic 
eye,  through  the  neutralized  portion  of  the  prism  when  the  focus  of 
the  lens  in  front  coincides  with  the  virtual  focus  of  the  convex  sur- 

1  Proceedings  of  the  Royal  Society,  vol.  53. 
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face.  The  instrument  is  hold  in  the  observer's  left  hand,  which  rests 
on  the  forehead  of  the  patient,  the  disc  being  directed  to  a  luminous 
source  to  the  right  of  the  observer.  Dr.  Reid  states  that  the  instru- 
ment resembles  that  of  Javal  and  Schiotz. 

The  optical  system  of  the  ophthalmometer '  is  composed  of  two 
object-glasses,  LL'  (Fig.  64),  between  which  is  placed  a  bi-refracting 
Wollaston  prism,  W,  a  positive  eye-piece  of  56  diopters,  and  a  hair- 
cross.     The  whole  is  carried  by  a  tube  of  fixed  length. 

The  whole  objective  system  can  be  drawn  back  by  taking  hold  of 
the  cone,  C,  which  is  in  the  front  of  the  instrument,  and  drawing 
firmly  forward  without  turning,  for  the  system  is  provided  with  a 
pin  which  assures  the  position  of  the  plane  of  division  (dedonble- 
ment)  by  attachment  to  the  graduated  arc.  When  it  is  put  back  in 
place  it  must  be  pushed  well  back,  in  order  not  to  get  the  instrument 
out  of  order. 

The  two  object-glasses  are  alike ;  their  diameter  is  40  millimetres 
and  their  focal  distance  280  millimetres.  These  two  lenses  are  achro- 
matic and  aplanatic,  with  this  peculiarity,  that  the  flints  are  on  the 
side  of  the  parallel  rays,  that  is  to  say,  that  the  crowns  are  turned, 
one  toward  the  eye  which  is  observed,  the  other  toward  the  eye- 
piece.  The  position  of  the  hair-cross  is  such  that  the  instrument  is 
in  position  when  the  object  observed  is  in  the  focus  of  the  anterior 
lens,  that  is  to  say,  when  the  luminous  rays  are  parallel  between  the 
two  object-glasses. 

The  division  given  by  the  bi-refracting  Wollaston  prism  is  2.95 
millimetres  for  the  distance  where  it  is  placed  from  the  eye  observed. 
The  exactness  of  division,  and  of  jointure  of  the  bi-refracting 
prism,  is  secured  by  a  special  device,  and  verified  by  means  of  the 
fine  instrument  which  M.  Laurent  has  constructed  for  that  pur- 
pose. 

Nothing  has  been  spared  in  order  to  attain  accuracy  in  work- 
ing of  this  prism  and  the  object-glasses ;  these  three  pieces  really  do 
credit  to  the  artists  who  make  them,  with  a  regularity  which  guaran- 
tees the  satisfactory  working  of  the  instrument. 

In  front  of  the  tube  of  the  glass  is  seen  a  cone,  the  anterior 
opening  of  which  is  30  millimetres,  and  which  can  be  unscrewed  in 
order  to  clean  the  anterior  object-glass,  which  should  be  occasionally 
done. 

When  the  tube  which  contains  the  object-glass  is  withdrawn,  the 
object-glasses  can  also  be  unscrewed  in  order  to  clean  their  interior 

1  This  description  is  a  translation  of  an  article  by  O.   Sulzer  of  Winterthur, 
Switzerland.     See  Javal,  loe.cit.,  p.  15. 
11 


162 


METHODS   OF   EXAMINATION. 


surfaces  and  the  surfaces  of  the  prism ;  it  is  very  rare  that  this  opera- 
tion is  advantageous. 

The  eye-piece,  O,  is  easily  taken  out  for  cleaning.  A  division 
traced  the  length  of  the  spiral  slit,  in  which  a  pin  works,  facilitates 
putting  back  the  eye-piece  invariably  at  the  same  point.  Each  of 
the  divisions  corresponds  to  a  displacement  of  a  millimetre  of  the 
eye-piece,  and  each  millimetre  corresponds  approximately  to  a  varia- 
tion of  three  diopters  of  the  observer's  eye.  So  that  if  an  emmetrope 
puts  the  eye-piece  at  zero,  a  myope  of  six  diopters  will  put  it  at  the 
second  division.  The  eye-piece  moves  in  a  tube  T,  provided  with  a 
pin,  and  which  can  be  withdrawn  by  pulling  hard.  Do  not  take  it 
out  unless  the  hair-cross  needs  repair. 

The  tube  of  the  glass  turns  wholly  in  the  fixed  tube  B,  which  is 
situated  behind  the  disc  D.     In  order  to  take  the  glass  apart,  hold 


Fig.  64.— The  Telescope  of  the  Ophthalmometer  with  the  Arc.  L  L',  The  two  objectives; 
W.  Wollaston's  bi-refracting  prisms;  O,  positive  eye-piece;  A,  arc;  C,  column;  T,  tube  in  which 
the  eye-piece  moves;  B,  fixed  tube  in  front  of  the  disc. 

with  one  hand  the  graduated  arc  with  the  object-glass,  while  the 
other  hand  unscrews  the  tube  so  as  to  separate  V  from  V  (Fig.  64). 

It  is  possible  then  by  pulling  to  take  out  the  tube  in  front  of  the 
disc.  This  operation  should  never  be  performed  unless  the  rotating 
movement  of  the  instrument  about  its  axis  leaves  something  to  be 
desired.  If  the  movement  is  too  easy,  wipe  the  tube  and  put  it  back 
in  place;  if  it  is  too  hard,  put  on  a  little  oil,  then  remount  the  tube, 
screwing  the  pieces  into  one  another.  Two  notches  upon  the  fixed 
tube  of  the  glass  facilitate  putting  the  insti-ument  in  position;  they 
form  a  finder  which  helps,  by  sighting  as  with  a  gun,  to  direct  the 
glass  approximately  toward  the  eye  under  observation. 

The  tube  is  supported  by  a  brass  column  C  which  is  fixed  upon 
a  tripod  in  casting,  which  slides  upon  the  plane-table.  The  posterior 
branch  of  the  foot  is  supported  by  a  screw  designed  to  regulate  the 
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vertical  movements  of  the  telescope.  The  mean  position  of  this  ad- 
justing screw,  corresponds  to  the  mean  position  of  the  eyes  under 
observation,  and  its  length  is  such  that  it  is  impossible  to  depart 
from  the  limits  of  the  practicable  positions  of  the  instrument. 

A  second  slot,  situated  further  forward,  is  designed  for  use  when 
it  is  wished  to  employ  a  division  (dedoublement)  one-half  less,  which 
makes  an  extra  object-glass  necessary. 

When  the  instrument  is  not  in  use  the  adjusting  screw  should  be 
put  in  this  second  slot,  to  avoid  the  danger  of  an}'  awkward  persoD 
striking  the  tube  of  the  telescope. 

Within  the  white  circle  of  the  large  disc  (Placido's),  are  in- 
verted figures  which  are  seen  erect  in  the  corneal  reflection.  Thes< : 
mark  the  position  of  the  axis  of  the  cylindric  glass  to  be  ordered. 
The  markers  on  the  mires,  and  the  long  marker  placed  at  right 
angles  to  the  arc  indicate  the  axis  when  the  instrument  is  being 
used.  There  are  also  numerous  similar  circles  at  increasing  dis- 
tances apart  from  the  centre  to  the  periphery,  so  arranged  that 
they  always  are  at  the  same  distance  from  each  other  in  the 
corneal  reflection.  They  show  the  size  of  the  corneal  image. 
The  large  white  circle  near  the  centre  shows  the  size  of  the  ob- 
ject on  which  the  calculations  of  the  normal  radius  of  the  curva- 
ture of  the  cornea  are  based,  and  also  the  change  in  the* size 
of  the  object  at  each  meridian.  The  numerous  radiating  lines 
from  the  centre,  marked  in  centimetres,  are  marked  in  milli- 
metres for  measuring  the  pupil,  and  at  the  other  side  the  re- 
fractive power  is  marked  in  diopters. 

Although  the  student  may  find  much  of  interest  in  physio- 
logical investigations  with  the  disc,  the  really  important  parts 
with  which  the  practitioner  is  chiefly,  if  not  entirely,  concerned 
are  the  markings  for  the  axes  and  the  pointers.  He  could  well 
dispense  with  the  lines  for  measuring  the  pupil  and  the  size  of 
the  image. 

As  is  seen  in  the  figure,  the  head  of  the  patient  is  sup- 
ported by  the  chin-rest  and  the  frame,  so  that  the  centre  of 
curvature  of  the  cornea  lies  approximately  at  the  centre  of  the 
curvature  of  the  arc.  As  has  been  shown  in  the  description  of 
the  method  of  using  the  instrument,  a  more  exact  adjustment 
of  the  distance  is  secured  by  moving  the  telescope  until  the 
doubled  images  of  the  two  mires  are  reflected  on  the  surface  of 
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the  cornea,  and  very  sharply  defined.     The  distance  of  the  image 
is  about  four  millimetres  behind  the  centre  of  the  cornea. 

During  the  years  in  which  Javal,  aided  by  Schiotz  and  George  J. 
Bull,  was  laboring  to  secure  a  practical  instrument  for  every-day  use 
in  a  consulting-room,  he  made  many  alterations  in  the  instrument ;  but 
that  which  has  been  finally  settled  upon,  the  model  of  1889,  has  all 
the  qualities  that  can  be  reasonably  expected  of  a  scientific  instru- 
ment, although  those  are  not  wanting  who  are  still  engaged  in  im- 
proving the  instrument  or  the  stand.  The  use  of  electric  lamps,  so 
universal  in  this  country,  has,  in  my  opinion,  done  more  than  any 
one  thing  to  popularize  the  instrument  in  the  United  States,  since  it 
has  made  its  use  independent  of  the  situation  of  the  consulting-room.1 

The  purchaser  of  an  ophthalmometer  should  be  very  careful  to 
have  the  instrument  tested  by  an  expert  before  beginning  its  use. 
There  have  been  unjust  criticisms  upon  the  truthfulness  of  the  instru- 
ment, based  upon  a  worthless  prism  or  other  defect  in  the  manufac- 
ture, and  this  in  instruments  said  to  have  been  made  in  Paris  under 
the  eye  of  Javal  himself. 

Articles  have  also  been  published  in  this  country,  which,  from  a 
mathematical  standpoint,  have  demonstrated  to  the  satisfaction  of 
the  authors,  that  the  Javal  and  Schiotz  instrument  is  not  to  be  relied 
upon  for  the  measurement  of  the  degree  and  axis  of  corneal  astigma- 
tism, and  the  consequent  deductions  as  to  the  refraction  of  the  eye. 
My  answer  to  them  is  not  from  a  mathematical  standpoint,  for  I  can- 
not even  follow  these  writers  in  their  calculations,  but  I  will  say, 
that  both  in  our  practice  in  the  hospital  and  in  my  consulting-room, 
my  colleagues  and  myself  find  it  by  far  the  most  exact  and  complete 
means  of  accomplishing  just  what  these  writers  say  it  cannot  do.  I 
also  remember  that  the  man  who  proved  that  a  vessel  could  not  carry 
enough  coal  to  take  it  across  the  Atlantic  by  steam,  lived  to  cross  in 
just  such  a  ship. 

The  important  deductions  to  be  made  from  the  findings  of  the 
ophthalmometer,  and  the  proper  method  of  ordering  glasses  from  these 
findings,  will  be  fully  discussed  in  the  chapter  upon  the  conditions  of 
the  eye  requiring  the  use  of  glasses. 

In  1855,  four  years  after  the  invention  of  the  ophthalmo- 
scope, an  American  edition    of    MacKenzie's   "Treatise  on  the 

1  Ophthalmometers  are  now  manufactured  in  New  York  by  Georgen  &  Hahn, 
and  E.  B.  Meyrowitz,  as  well  as  in  Paris  and  Utrecht,  and,  I  think,  they  are 
much  better  here  as  regards  the  stand  and  illumination. 
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Eye"  was  edited  by  one  of  the  surgeons  of  an  ophthalmic  in- 
stitution, and  published  in  Philadelphia.  As  an  introduction  to 
the  treatise,  a  short  account  of  the  ophthalmoscope,  which  had 
then  been  invented  more  than  four  years,  was  given.  So  little 
was  the  esteem  of  even  a  surgeon  of  a  great  hospital  of  the  value 
of  Helmholz's  invention,  that  he  made  the  following  remarks 
in  the  course  of  his  account  of  it : 

"  A  great  deal  more,  however,  has  been  expected  of  and  claimed 
for  this  instrument,  than  it  is  capable  of  accomplishing,  in  the  present 
state  of  its  construction.  In  the  first  place,  the  great  concentration  of 
light  which  it  produces  in  the  eye,  renders  its  employment  highly  in- 
jurious, even  for  a  few  moments  of  time,  in  the  incipient  stages  of 
disease.  In  cases  where  it  can  be  endured,  its  employment  for  any 
length  of  time  sufficient  to  detect  all  the  changes  which  have  taken 
place,  produces  an  excited  and  unnatural  condition  of  the  structures 
which  are  the  subject  of  investigation,  and  might  readily  lead  the 
observer  astray  in  bis  diagnosis.  In  cases  of  more  confirmed  disease, 
it  might  not  give  rise  to  such  annoyances  and  serious  consequences." 

In  the  light  of  our  present  knowledge,  it  is  almost  inconceiv- 
able that  such  an  estimate  could  be  made  of  the  ophthalmoscope. 
But  this  experience  is  not  unique.  The  ophthalmometer  is  going 
through  the  same  kind  of  criticism,  and  I  venture  the  prophecy 
that  the  objections  to  it,  that  are  now  being  made,  will  some 
day  be  found  to  be  of  no  more  value  than  those  that  were  urged 
against  the  ophthalmoscope  by  the  American  editor  of  Mac- 
Kenzie. 

TESTING  THE  EYE  WITH  GLASSES. 

Having  learned  the  visual  power  and  the  presence  or  absence 
of  corneal  astigmatism,  we  turn  to  the  testing  of  the  eyes  with 
glasses.  For  this  purpose,  we  require  what  is  called  a  trial  case, 
containing  a  complete  set  of  convex,  concave,  and  cylindrical 
glasses. 

As  will  be  shown  in  the  chapters  upon  hypermetropia  and 
hypermetropic  astigmatism,  it  is  sometimes  unnecessary  to  go 
further  than  this.  In  many  cases  of  asthenopia  from  corneal 
astigmatism,'  when  the  vision  is  f$  or  f$ — we  may  prescribe 
from  the  readings  of  the  ophthalmometer  alone.     Much  of  the 
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tedious  trial  of  the  days  before  the  ophthalmometer  is  avoided 
by  the  use  of  this  instrument. 

TESTING  THE  POWER  OF  THE  EXTERNAL   MUSCLES    OF  THE  EYE. 

Many  practitioners  lay  great  stress  upon  an  examination  of 
the  power  of  the  external  muscles  of  the  eye,  and  there  is  much 
ophthalmic  literature  and  practice,  based  upon  such  examina- 
tions. For  reasons  which  I  have  fully  given  in  the  body  of  this 
work,  in  the  discussion  of  asthenopia,  I  do  not  ever  use  instru- 
ments for  this  purpose,  and  I  give  no  account  of  them  in  this 
book,  although  the  test  by  prisms  of  the  degree  of  deviation  in 
paralysis  will  be  fully  given  elsewhere. 

FIELD    OF    VISION. 

In  certain  cases  of  supposed  or  actual  disease  of  the  optic 
nerve,  also  in  glaucoma,  and  some  other  affections  of  the  back 
part  or  bottom  of  the  eye,  it  will  be  important  to  determine  the 
size  of  the  visual  field.  By  this  term,  we  mean  the  space  in 
which  the  patient  can  see,  when  the  gaze  is  steadily  fixed  upon 
an  object  held,  exactly  in  the  direct  line  of  vision — that  is  to  say, 
the  space  in  which  the  patient  can  see  objects,  when  the  macula 
is  fixed  upon  them.  This  can  be  rudely  done,  but  with  sufficient 
accuracy  in  some  cases,  such,  for  example,  as  cataract,  when  we 
only  desire  to  know  whether  the  retina  and  choroid  are  sound  at 
the  periphery,  as  well  as  at  the  centre,  by  using  a  candle  flame  in 
a  darkened  room.  The  procedure  is  as  follows :  The  eye  not  to 
be  examined  is  carefully  covered  with  a  napkin,  or  the  like,  and 
the  candle  flame  is  held  exactly  in  front  of  the  pupil  of  the  other 
eye.  The  examiner  now  holds  his  hand  between  the  light  and 
the  patient's  eye,  and  causes  him  to  keep  the  gaze  steadily  fixed 
in  the  centre,  while  the  light  alternately  shaded  and  revealed  is 
brought  to  the  lower  and  upper,  outer  and  inner,  side  of  the 
patient's  face  in  turn.  In  this  way,  it  can  be  readily  and  ex- 
actly determined  whether  the  flame  is  seen  in  all  parts  of  the 
field  alike,  with  equal  distinctness,  or  whether  any  defect  occurs. 
(See  Cataract.) 

For  cases  of  disease,  or  suspected  disease,  of  the  bottom  of  the 
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eye,  however,  a  more  exact  examination  must  be  had,  and  the  field 
carefully  mapped  out  and  recorded.  For  this  purpose,  a  peri- 
meter is  to  be  used.  There  is  a  large  variety  in  these  instruments. 
A  convenient  and  portable  one  is  that  modified  by  Dr.  J.  B. 
Emerson.  This  is  used  by  the  surgeons  of  the  Manhattan  Eye 
and  Ear  Hospital,  both  in  private 
and  public  practice.  It  is  an  ex- 
cellent instrument,  giving  accu- 
rate   results   (see   Fig.    65). 

The  following  is  a  method 
without  a  perimeter.  Place  the 
patient  about  twelve  inches  from 
a  blackboard,  and  have  him  di- 
rect the  eye  to  be  examined  (the 
other  one  being  covered)  toward 
a  small  dot  or  cross  marked  in  the 
centre  of  the  board.  Take  a  piece 
of  chalk  fastened  to  the  end  of  a 
stick,  and  advance  it  slowly  from 
the  edge  of  the  board,  and  mark 
the  spot  where  it  is  first  seen, 
not  as  chalk,  but  merely  as 
something  white  coming  toward 
the  eye.  Repeat  this  in  every  di- 
rection, and  join  the  marks  by  a 
line.  This  maps  out  the  quanti- 
tative field.  By  marking  in  the 
same  way  the  points  where  the 
patient  can  first  recognize  the  ap- 
proaching object,  as,  for  instance, 
to  count  ringers,  the  qualitative 
field  is  obtained.  By  using  bits 
of  colored  paper  as  objects,  the 
different  color  fields  are  obtained. 
In  the  normal  eye  blue  has  the 
largest  field,  red  the  next,  green  and  yellow  next.  It  is  essential 
in  these  tests  that  the  patient  keep  his  eye  fixed  upon  the  central 
dot,  during  the  whole  examination.  If  vision  is  reduced  to  per- 
ception of  light,  the  patient  is  made  to  keep  his  eye  directed 


Fig.  65.—  Emerson's  Perimeter,  with  Two 
Sliding  Object-Carriers  on  Solid  Brass 
Base.  The  arc  is  a  semicircle  of  12.7  cm.  (5 
inches)  radius,  revolving  on  a  hollow  spindle, 
and  is  divided  on  its  convex  surface  into 
eighteen  equal  parts,  numbered  from  the 
centre  to  the  extremities.  On  each  arm  of 
the  arc  is  a  perforated  slide,  so  made  tha1 
small  pieces  of  paper  can  represent  the  ob- 
jective point;  in  testing  the  color-zones,  col- 
ored paper  can  be  used.  The  arc  is  sup- 
ported by  a  quadrant,  mounted  upon  an  ad- 
justable upright  set  in  a  firm  brass  base. 
The  scale  on  which  the  angle  of  revolution  is 
measured  is  fixed  to  the  quadrant,  and  a 
pointer  attached  to  the  revolving  arc  indi- 
cates the  meridian  tested.  The  chin-rest  is 
double,  the  right  for  the  left  eye,  and  vice 
versa.  The  eye  of  the  person  tested  should 
be  12.7  cm.  (5  inches)  from  the  aperture,  and 
on  a  level  with  it. 
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straight  forward,  and  a  lighted  candle  is  used  in  the  same  way 
as  the  chalk  to  determine  the  limits  of  the  field. 

A  convenient  and  rapid  way  of  testing  the  field  is  as  follows : 
Place  yourself  two  feet  from  the  patient,  with  your  eye  on  a  level 
with  his,  and  directly  in  front  of  it.  If  testing  his  right  eye, 
for  example,  have  him  look  steadily  with  this  into  your  left 
eye,  the  other  eye  of  each  being  closed,  then  by  using  the  testing 
object  midway  between,  that  is,  a  foot  from  each,  you  can  map 
out  the  patient's  field,  and  at  the  same  time  compare  it  with 
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your  own,  which  is  supposed  to  be  normal.  The  field  may  be 
concentrically,  or  irregularly,  contracted  or  interrupted  by  scoto- 
mata  (Gr.  exoros^  darkness)  or  blind  spots.  To  test  for  scoto- 
mata,  carry  the  objects  from  various  parts  of  the  periphery  of 
the  field  quite  up  to  its  centre,  and  observe  whether  there  are 
areas  where  it  is  indistinct,  or  where  it  disappears  from  view 
altogether.  Sometimes  the  right  or  left  half  of  each  field  is 
wanting  —  homonymous  or  equilateral  hemiopia  (i,"'-:  half, 
and  n<J'is,  vision).  Sometimes  the  outer  half  of  each  field  is  lack- 
ing, temporal  hemiopia:  sometimes  the  inner  half,  nasal  hemi- 
opia. In  the  normal  field,  there  is  always  a  blind  spot,  corre- 
sponding to  the  optic  disc,  whose  fibres  are  insensible  to  light. 
This  is  called  the  "blind  spot  of  Mariotte,"  after  the  man  who 
first  described  it  (Mariotte,  France,  seventeenth  century) .  Under 
ordinary  circumstances  it  is  not  noticed,  and  occasions  no  incon- 
venience.    Each  point  of  the  field  corresponds  to  an  opposite 
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part  of  the  retina,  for  example,  the  temporal  fields  correspond  to 
the  nasal  half  of  the  retina,  and  the  nasal  to  the  temporal. 
Charts  for  recording  the  results  of  the  examination  go  with  the 
instruments. 

COLOR  BLINDNESS. 

It  becomes  necessary  for  the  ophthalmic  surgeon  to  make  tests 
for  that  important  condition  known  as  color-blindness.  The 
physiology  and  pathology  underlying  this  condition  are  fully  dis- 
cussed in  the  chapters  upon  Disease  of  the  Retina  and  Optic 
Nerve,  but  the  method  of  determining  the  condition  may  per- 
haps he  as  well  described  in  this  chapter. 

The  perception  of  colors  may  be  defective  congenitally,  or 
from  disease.  It  is  best  tested  by  worsteds,  representing  the 
ordinary  primary  colors  and  their  different  shades.  A  skein  of 
worsted  representing  one  of  the  primary  colors,  for  instance 
green,  is  laid  out,  and  the  patient  is  directed  to  put  beside  it  all 
the  samples  which  seem  to  him  to  be  of  the  same  color.  The 
other  primary  colors  are  used  in  the  same  way.  Tests  which 
simply  require  the  patient  to  name  the  colors  are  not  considered 
reliable,  for  the  reason  that  the  color-blind  learn  to  name  colors 
correctly  from  the  intensity  of  their  illumination,  and  so  forth. 
The  worsted  test  is  known  as  Holmgren's  (Prof.  Holmgren, 
Sweden,  nineteenth  century). 

Holmgren  begins  with  light  green,  and  when  mistakes  are 
made  with  this,  he  takes  up  some  shade  of  rose,  a  color  between 
red  and  blue.  He  divides  all  cases  of  color-blindness  into  total 
and  partial  color-blindness.  In  the  former  colors  are  not  distin- 
guished from  each  other  as  such,  but  according  to  their  relative 
brightness.  Partial  color-blindness  Holmgren  divides  into  red- 
green,  and  violet  blindness.  In  the  toxic  amblyopias,  the  color- 
sense  is  impaired  in  certain  parts  of  the  field.  This  is  tested  by 
red  and  green  cards  held  on  the  pointer  of  the  perimeter. 

DOUBLE  VISION. 
(Ai-'/ukc.  double,  oi/vr,  vision.) 

The  determination  of  the  seat  of  double  vision  is  an  im- 
portant matter.     There  is  no  symptom  of  the  eye,  unaccom- 
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panied  by  pain,  that  is  more  disturbing  to  the  patient.  It  is 
fundamentally  important  to  determine  which  muscles  are  at 
fault,  where  double  vision  occurs.  This  may  be  done  in  the  fol- 
lowing manner:  a  lighted  candle,  or  some  similar  source  of 
illumination,  is  placed  on  a  stand  twenty  feet  away,  and  one  of 
the  patient's  eyes  is  covered  by  a  red  or  other  colored  glass,  red 
preferably.     These  colored  glass   discs  are  found  in  the  trial 
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Fig.  67. — Represents  the  diplopia  resulting  from  convergence  of  one  eye.  The  right  eye  is 
directed  toward  the  object  O,  the  image  of  which  falls  on  the  fovea  centralis  of  the  macula  at 
m,  and  'is  projected  correctly  to  O.  The  left  eye  is  convergent,  the  macula  Vicing  turned  outward. 
In  this  eye  the  image  of  O,  instead  of  falling  on  the  fovea  centralis,  falls  on  the  retina  at  a  point 
c,  at  the  inner  side  of  m,  and  is  projected  to  a  point  /,  at  the  left  of  the  true  image,  and  a  false 
image  is  produced.     This  is  homonymous  diplopia. 


cases.  If  the  patient  has  double  vision  at  that  distance,  he  will 
see  two  lights,  one  a  red,  the  other  of  the  normal  color.  It  is 
by  the  position  of  these  two  lights,  relatively  to  each  other,  that 
we  determine  which  muscle  is  at  fault,  in  the  absence  of  mus- 
cular equilibrium.  If  the  red  glass  be  in  front  of  the  right  eye, 
and  the  patient  sees  the  red  light  on  that  side,  there  is  so-called 
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homonymous  diplopia,  and  we  have  a  paresis  of  the  external  rectus 
muscle,  convergent  strabismus,  which  is  supplied  by  the  sixth 
nerve,  and  if  the  paresis  be  of  any  considerable  degree,  converg- 
ent strabismus  will  be  observed.  This  muscle  has  become  so 
weakened  that  its  antagonist,  the  internal  rectus,  overbalances 
it.  The  eyeball  being  displaced  inward,  the  macula  lutea  is 
displaced  outward,  and  homonymous  diplopia  results. 


Fig.  68.— Represents  the  reverse,  or  crossed  diplopia.  In  this,  the  left  eye  is  divergent,  the 
macula  being  turned  inward,  and  the  image  of  O  falls  on  the  retina  at  a  point  e,  at  the  outer  side 
of  in.  and  is  projected  to  /,  at  the  right  of  0.  The  greater  the  deviation  of  the  visual  lines, 
the  wider  apart  will  the  two  images  seem,  and  the  less  distinct  will  the  false  image,  /,  appear. 


If  crossed  diplopia  is  found,  it  is  the  internal  rectus  that  is  at 
fault;  the  eyeball  is  displaced  outward,  and  the  macula  inward, 
with  a  consequent  crossed  double  image — that  is  to  say,  the 
patient  sees  the  red  image  on  the  opposite  side.  If  no  actual 
double  vision  occurs  by  this  test,  a  halo  may  be  thrown  on  the 
light,  or  it  may  be  said  to  blur.  The  deviation  in  that  case  is 
so  slight  that  a  distinct  image  cannot  be  formed. 
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LATENT  INSUFFICIENCIES. 


A  great  deal  of  stress  is  laid  by  some  writers  upon  latent 
insufficiencies,  which  are  brought  out  by  the  use  of  prisms. 
This  subject  will  be  fully  discussed  later,  but  it  may  be  well  to 
say  here  that  in  all  cases  of  actual  paralysis  of  the  ocular  muscles, 
the  candle  flame  and  colored  glasses  will  detect  it.  It  may 
sometimes  be  necessary  to  reduce  the  distance  at  which  the  candle 
flame  is  placed,  or  to  hold  it  in  a  certain  direction,  in  order  to 
demonstrate  the  double  vision,  and  to  show  which  muscle,  or 
muscles,  are  at  fault. 

Vertical  diplopia  will  be  discussed  under  Paresis  of  the  Ocular 
Muscles. 

PRISMS. 

A  prism  bends  the  rays  of  light  in  the  direction  of  its  base, 
according  to  the  size  of  its  angle.  If,  while  regarding  an  object, 
a  prism  is  placed  before  one  eye,  with  its  base  inward,  the  rays 
from  the  object  will  be  deviated  inward,  and  the  image  will  be 
formed  on  the  retina  inside  of  the  macula.  There  will  be 
homonymous  diplopia.  The  eye  will  instinctively  try  to  over- 
come this  by  rolling  outward,  so  as  to  bring  the  image  again 
upon  the  macula.  If  this  effort  be  successful,  single  vision  will 
thus  be  restored,  provided  the  prism  is  not  too  strong.  Prisms 
are  much  used  for  testing  strength  of  the  muscles,  the  strongest 
one  which  can  be  overcome  by  them  being  taken  as  measure  of 
their  power.  For  example,  if,  while  looking  at  an  object  twelve 
feet  distant,  a  prism  of  15°  with  the  base  inward  can  be  placed 
in  front  of  one  eye  (or  a  prism  of  7^°  in  front  of  each  eye) 
before  the  ability  to  fuse  the  double  vision  is  lost,  we  may  con- 
sider that  the  prism  is  a  measure  of  the  power  of  the  external 
recti  at  the  distance  named.  Thus  also,  where  there  is  diplo- 
pia, the  strength  of  the  prism  required  to  fuse  the  images 
becomes  a  measure  of  the  deviation  of  visual  lines.  For  ex- 
ample, if  there  is  crossed  diplopia,  and  the  images  are  united  by 
a  prism  of  15°,  placed  before  one  eye  with  the  base  inward,  we 
say  that  there  is  weakness  of  the  internal  recti,  of  15°.  The 
eyes  are  able  to  unite  double  images  widely  separated  laterally, 
but  cannot  unite  those  showing  more  than  a  very  slight  differ- 
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enoe  in  height.  If  a  prism  of  L0°,  base  upward  or  downward, 
is  placed  before  one  eye,  a  diplopia  is  thus  produced  which  can- 
not be  overcome.  The  impulse  for  single  vision  is  annulled, 
and  the  eyes  yield  passively  to  the  muscles  which  happen  to 
be  the  strongest.  This  fact  is  made  use  of  in  the  prism  test 
as  to  the  power  of  the  internal  recti. 

To  examine  the  action  of  the  muscles,  the  patient  may  be 
directed  to  look  at  a  pencil  and  to  follow  it  with  both  eyes, 
without  moving  his  head,  while  it  is  carried  slowly  in  various 
directions  through  his  circle  of  vision.  If  a  muscle  is  insufficient, 
or  paretic,  the  eye  may  often  be  seen  to  waver  and  lag  behind 
its  fellow,  when  turned  in  the  direction  of  such  muscle's  action. 
For  example,  if  the  right  externus  is  weak,  when  the  pencil  is 
moved  to  the  patient's  right  side  the  left  eye  will  follow  it,  but 
the  right  will  not,  or  will  do  so  in  an  uncertain,  faltering  man- 
ner. The  internal  recti  may  be  tested  as  to  their  converging 
power  in  the  following  manner: 

1.  The  patient  may  look  at  a  pencil  with  both  eyes,  while  it 
is  gradually  advanced  to  within  four  or  five  inches,  the  surgeon 
observing  whether  they  remain  fixed  upon  it,  or  deviate  out- 
ward. 

'2.  While  both  eyes  are  fixed  upon  the  pencil,  one  may  be 
covered  b}^  the  hand,  so  as  to  exclude  it  from  vision,  but  still 
allow  of  its  being  watched.  If  its  intern  us  is  weak,  it  may  be 
seen  to  roll  outward,  as  soon  as  its  visual  sensation  is  thus  cut 
off. 

3.  Draw  a  fine  vertical  line  upon  a  piece  of  white  paper,  and  in 
the  middle  of  the  line  make  a  round,  black  dot  one- third  inch  in 
diameter.  Let  the  patient  hold  this  at  his  ordinary  reading  dis- 
tance and  look  at  it,  while  a  prism  of  12°,  base  upward  or  down- 
ward, is  held  before  one  eye.  Two  dots,  one  above  the  other, 
will  then  be  seen.  If  the  muscles  are  normal,  the  dots  will  be 
on  same  vertical  line;  if  the  intern i  are  weak,  they  will  be 
separated  laterally  and  crossed,  that  of  right  eye  being  on  left 
side  and  rice  versa.  In  the  latter  case,  by  placing  other  prisms, 
base  inward,  before  the  eye,  the  dots  may  be  brought  into  the 
same  vertical  line,  and  the  strength  of  the  prism  required  for 
this  measures  the  deviation,  or  weakness  of  the  interni.  which 
is  present.     If  images  are  separated  laterally  and  are  homony- 
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mous,  it  shows  deficient  action  of  the  externi.  Prisms  placed 
base  outward  before  the  eye  will  bring  them  into  the  same  ver- 
tical line.  The  prism  required  will  measure  the  muscular  weak- 
ness.    A  candle  may  be  used  instead  of  a  dot. 

The  most  common  defect  in  muscular  equilibrium  is  ordinary 
squint,  which  is  generally  discovered  at  a  glance  (see  Strabis- 
mus). Other  defects  are  often  so  slight  as  to  be  very  difficult 
of  detection.  Great  caution  should  be  exercised  in  making  de- 
ductions from  the  use  of  prisms  in  estimating  the  power  of  the 
ocular  muscles.  Different  results  are  often  obtained  from  the 
same  patients  at  different  examinations,  and  by  practice  patients 
learn  to  overcome  prisms,  and  see  single  with  them,  which  on 
the  first  trials  produced  double  vision.  A  careful  study  of  the 
refraction,  renders  tests  for  muscular  equilibrium  entirely  un- 
necessary, as  I  have  shown  '  the  muscular  power  of  eyes  of  per- 
sons without  asthenopia  does  not  come  up  to  the  so-called  normal 
standard,  in  a  large  proportion  of  cases.  There  is  probably  no 
standard  of  muscular  equilibrium  in  the  eye.  The  power  of  the 
muscles  varies  very  much  in  different  persons,  with,  apparent!}^, 
equal  freedom  from  ocular  fatigue,  and  in  the  same  persons 
from  day  to  day,  just  as  does  that  of  other  muscles  of  the  body, 
the  grip  of  the  hand,  for  example.  I  no  longer  use  these  or  any 
other  tests  for  the  power  of  the  external  muscles,  except  in 
paralysis  and  strabismus,  and  I  do  not  recommend  them  to  my 
pupils  in  my  lectures. 

TESTS   FOR  BINOCULAR  SINGLE  VISION. 

It  is  often  important  to  determine  whether  binocular  single 
vision  exists.  A  simple  test  is  to  hold  a  pencil  midway  between 
the  eye  and  a  page  of  print,  while  reading.  If  there  is  binocular 
vision,  the  pencil  will  not  interfere  with  a  view  of  any  part  of 
the  page.  If  only  one  eye  is  used,  the  pencil  will  obscure  the 
view  just  in  proportion  to  its  size.  The  prism  test  consists  in 
holding  a  prism  with  the  base  upward  or  downward  in  front  of 
the  eye.  If  double  vision  appears,  it  proves  the  existence  of 
binocular  vision.     Quite  a  contingent  of  eyes  become  so  different 

1  Medical  Record,  April  19th,  1890. 
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in  visual  power  from  disease,  or  are  congenitally  of  such  different 
refractive  power,  as  to  be  independent  of  each  other. 


THE  SIMULATION  OF  BLINDNESS. 

Conscripts  desiring  to  avoid  army  or  navy  service,  those  de- 
siring discharge  or  pension,  neurasthenic  and  hysterical  persons, 
young  lads  or  misses  wishing  to  avoid  school  and  study,  malin- 
gerersof  whatever  variety,  sometimes  feign  blindness  of  one  eye. 
If  such  persons  have  undergone  many  examinations,  it  is  some- 


Fig.  <K>.—  Snellen's  Test  for  Simulating  Blindness.  This  test  consists  of  a  series  of  alter- 
nately red  and  green  transparent  letters  on  glass,  corresponding  in  dimensions  to  the  Snellen  test 
for  distance.  They  are  accompanied  by  a  pair  of  spectacles  containing  in  one  eye  a  red  and  in  the 
other  a  green  glass.  As  these  colors  neutralize  all  letters  not  of  the  same  color  of  the  glass 
held  before,  that  is,  only  red  letters  can  be  seen  through  the  red  glass,  and  only  green  through 
green  glass,  a  person  with  normal  vision  sees  only  one  of  any  two  letters  selected  according  to 
the  distance.  From  the  statements  of  a  patient  claiming  to  be  blind  of  one  eye,  we  may  very 
readily  make  correct  conclusions  as  to  their  truthfulness.  As  a  color  test  it  may  be  also  of 
some  value. 

times  difficult  to  detect  the  fraud  they  are  practising,  but  with 
beginners  in  this  kind  of  deception  it  is  not  difficult.  The  use 
of  a  prism  will  be  sufficient.  If  it  be  held  before  the  eye  of 
which  no  complaint  is  made,  and  double  images  are  seen,  the 
fraud  is  at  once  detected.  But,  as  has  been  intimated,  this  will 
only  be  sufficient  with  beginners  in  malingering.  Malingerers 
soon  become  familiar  with  the  action  of  prisms,  and  deny  that  it 
produces  double  images.  We  may  then  have  recourse  to  the 
stereoscope. 

The  stereoscope  is  a  very  efficient  means  of  detecting  malin- 
gerers, who  claim  that  one.  eye  is  blind.     Unless  such  persons  are 
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very  well  informed  in  optics,  or  the  principle  of  the  stereoscope, 
they  will  be  detected.  For  example,  a  card  may  be  arranged 
and  put  in  the  instrument  with  the  words  "You  lie,"  reversed, 
placed  in  the  instrument  as  Lie — You.  They  will,  of  course, 
see  but  one  word,  if  blindness  actually  exist,  while  if  it  does 
not  they  will  read  the  opposite  word.  Dr.  John  Green  has 
arranged  a  large  series  of  these  cards  for  use  in  the  stereoscope 
to  test  the  existence  of  binocular  single  vision.  They  are  of 
great  service. 

It  is  hardly  necessary  to  say,  that  there  are  very  few  cases 
in  which  any  such  complete  examination  as  has  been  here  out- 
lined, will  be  required.  But  there  are  a  few,  where  every  resource 
in  examination  will  be  necessary,  and  many  in  which  much  time 
will  be  required  to  determine  if  a  disease  of  the  eye  exists,  and 
if  so,  upon  what  it  depends.  A  narrow  specialism  will  be  of 
avail  in  but  few  of  the  important  cases  that  come  to  the  oculist. 
He  who  would  be  a  competent  specialist,  must  first  be  an  experi- 
enced general  practitioner.  Any  one  may  learn  in  a  few  days 
to  remove  a  foreign  body  from  the  cornea,  or  to  perform  more 
important  operations  upon  the  eye,  or  to  adjust  a  glass  for  a 
myopic  patient,  but  whoever  undertakes  to  understand  the  phi- 
losophy and  significance,  and  apply  the  proper  treatment  and 
outline  the  prognosis  in  ophthalmic  deviations  from  the  normal 
should  be  first  a  well-educated  and  experienced  practitioner 
from  service  in  a  large  hospital,  or  in  general  practice. 

HISTORY  OF  CASES. 

The  surgeon  who  desires  to  give  to  the  profession  the  benefit 
of  his  experience,  should  keep  a  history  of  his  cases.  Each  prac- 
titioner, having  a  large  number  of  cases,  will  gradually  fall  into 
his  own  plan  for  this.  It  is  a  mistake  to  note  down  so  much  as 
to  impair  the  memory  of  cases,  and  the  capacity  to  think  them 
over  and  out,  but,  in  refraction  cases  especially,  and  even  in 
others,  unless  at  least  an  outline  is  kept,  an  exact  description  of 
them  will  be  impossible.  The  formula  given  below  is  one  which 
has  been  evolved  in  my  practice,  and  one  which  I  can  commend 
to  the  young  practitioner,  as  one  that  will  serve  his  purpose 
until  his  needs  and  experience  have  made  a  better  one. 
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A  blank  book  is  prepared  and  the  cases  noted  in  it.  Some 
ophthalmologists  prefer  to  make  their  histories  on  cards.  The 
danger  of  losing  or  mislaying  these,  as  compared  with  the 
security  of  having  bound  volumes,  placed  like  other  books  on 
the  library  shelves,  seem  to  me  to  outweigh  the  advantages  of 
the  card  method. 
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CHAPTER  IX. 

THE  PRINCIPLES  OF  TREATMENT  AND  THE  REMEDIES 

APPLICABLE. 

Treatment  of  the  Eye  not  merely  a  Local  Matter. — Constitutional  Conditions  Im- 
portant.— Bright' s  Disease. — Nervous  Exhaustion. — Hot  and  Cold  Applica- 
tions of  Water. — Caustics  and  Astringents. — Alum. — Sulphate  of  Copper. — 
Tannic  Acid. — Boracic  Acid. — Mydriatics. — Cocaine. — Irritants. — Oint- 
ments.— Jequirity. — Exclusion  of  Light. — Aseptic  and  Antiseptic  Precau- 
tions.— Bandages.  — Absorbent  Cotton. — Eye-Shades. — Protective  Spectacles. 

GENERAL  REMARKS. 

It  is  sometimes  assumed  that  the  treatment  of  the  eye  is  a 
local  matter,  not  involving  general  therapeutics  to  any  consider- 
able extent.  This  is  hardly  true  of  any  single  disease  of  the  eye. 
In  each  of  its  diseases,  after  all  the  varied  injuries  that  it  may 
suffer,  before  and  after  the  performance  of  surgical  operations 
upon  it,  a  large  knowledge  from  actual  experience  of  the  prin- 
ciples and  practice  of  medicine  and  surgery  may  be,  and  gener- 
ally is,  required.  Besides  this,  there  are  various  constitutional 
conditions  and  diseases,  which  bring  in  their  train  affections  of 
the  eye.  In  some  of  these,  the  eye  may  be  among  the  first  organs 
to  give  positive  evidence  of  general  disease,  this  being  notably 
true  of  Bright's  disease,  locomotor  ataxia,  diabetes,  and  neuras- 
thenia, or  nervous  exhaustion.  Many  a  diagnosis  of  the  former 
disease  has  been  first  made  by  the  ophthalmoscope.  In  nervous 
exhaustion,  asthenopia  is  very  likely  to  become  a  prominent 
symptom.  This  is  also  true  of  diabetes,  while  in  incipient  loco- 
motor ataxia,  inability  to  fix  the  eyes  steadily  for  an  ordinary 
period  of  time  and  other  indications  of  asthenopia,  are  among  the 
symptoms  to  be  looked  out  for.  It  does  not  enter  into  the  scope 
or  province  of  this  volume,  to  present  detailed  accounts  of  the 
general  diseases  which  may  affect  the  eye.  However  much  special 
knowledge  the  practitioner  may  have  of  the  anatomy  and  phy- 
siology of  the  eye,  and  of  its  local  symptoms  when  diseased,  he 
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must  have  a  good  knowledge  of  and  experience  with  the  symptoms 
of  constitutional  or  general  disease,  or  he  will  fail  in  attempting 
to  become  a  competent  specialist. 

But  in  this  chapter  it  is  only  intended  to  speak  fully  of  the 
local  means  of  treatment  in  the  affections  of  the  eye. 

COLD  AND  HOT  APPLICATIONS  OF  WATER. 

In  acute  stages  of  purely  conjunctival  disease,  cold  water  is 
usually  a  grateful  and  efficient  application.  After  injuries  of 
the  lid  from  accident  or  surgical  interference,' this  is  also  usually 
true,  as  well  as  after  operations  upon  the  muscles  of  the  eye. 
An  efficient  way  of  making  these  applications,  is  to  apply  a  bit 
of  linen,  sufficiently  large  to  cover  the  eyelids,  to  a  block  of  ice, 
and  then,  when  it  has  become  cold,  to  the  closed  lids.  A  nurse 
should  sit  by  the  patient  and  renew  the  application  every  mo- 
ment, so  that  it  may  never  b,e  a  warm  one.  In  the  case  of  very 
young  children,  care  should  be  taken  that  the  integument  be 
not  frozen  or  unduly  chilled,  by  the  application.  When  the 
acute  symptoms  have  begun  to  abate,  the  patient  will  no  longer 
find  these  cold  applications  pleasant.  Neuralgic  pains  will  arise 
and  they  should  be  discontinued.  Indeed,  the  patient's  own  feel- 
ings will  generally  be  a  good  guide  as  to  the  propriety  of  cold 
or  hot  applications.  The  ice  coil  is  sometimes  recommended  for 
making  cold  applications  to  the  eyelids,  but  its  weight,  as  well 
as  that  of  ice-bags,  renders  it  inapplicable. 

HOT  APPLICATIONS. 

These  are  especially  appropriate  in  inflammations  of  the  cor- 
nea and  iris,  in  phlyctenular  inflammation  of  the  conjunctiva 
and  cornea,  in  ulcerative  keratitis,  in  the  declining  stages  of  con- 
junctival catarrh,  and  sometimes  in  purulent  conjunctivitis. 
They  are  best  made  from  a  bowl  of  boiling  water,  or  nearly  boil- 
ing at  the  patient's  side,  from  which  with  little  wads  of  absorbent 
cotton,  or  soft  linen,  the  eyes  are  sopped  by  an  attendant,  or  in 
many  instances  by  the  patient  himself.  It  is  convenient  to  keep 
the  water  constantly  heated  by  means  of  a  spirit-lamp,  under  a 
tin  vessel  containing  the  water.  The  vessel  may  rest  on  two 
bricks,  or  the  like,  and  the  lamp  placed  between  them. 
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It  was  formerly  much  the  practice  to  use  nitrate  of  silver, 
even  in  a  solid  state,  and  later  in  what  is  called  the  mitigated 
stick, — nitrate  of  silver  and  nitrate  of  potash — in  purulent  con- 
junctivitis. But  this  application  should  only  be  mentioned  to 
be  condemned.  Experience  has  shown  that  the  reaction  after 
the  use  of  nitrate  of  silver  in  this  form,  is  too  severe,  and  its  use 
in  this  way  has  been  generally  abandoned. 

Nitrate  of  silver,  in  solution,  however,  remains  a  valuable 
remedy,  but  it  should  always  be  used  with  great  caution  in  oph- 
thalmic therapeutics,  and  only  by  experienced  hands.  I  never 
employ  a  solution  to  the  conjunctiva  of  greater  strength  than 
ten  grains  to  the  ounce.  It  should  be  neutralized  by  a  solu- 
tion of  common  salt  and  water,  or  by  vaseline  well  smeared 
over  the  conjunctiva.  This  I  do  not  give  into  the  hands  of  a 
patient,  but  I  apply  it  myself.  Very  weak  solutions  of  nitrate  of 
silver,  one  or  two  grains  to  the  ounce,  are  often  very  efficient  in 
chronic  conjunctival  catarrh,  and  may  be  used  by  the  patient 
himself.  In  purulent  conjunctivitis  some  practitioners  use,  and 
with  good  results,  a  solution  of  one-eighth  grain  in  a  spray.  It 
acts  at  once  upon  the  epithelium  of  the  cornea,  and  as  soon  as 
the  loss  of  lustre  caused  by  it  appears,  the  application  is  dis- 
continued. 

Small  pipettes  are  now  universally  used  in  making  applica- 
tions of  solutions  to  the  eye.  Fig.  71,  page  183,  shows  the  usual 
varieties,  and  how  they  may  be  made  as  stoppers  to  vials  con- 
taining the  solutions. 

Alum,  in  crystal  form,  is  one  of  the  safest  and  best  astringents, 
either  in  the  hands  of  the  surgeon  or  the  patient,  and  when  in- 
dicated a  very  efficient  one.  In  both  instances,  it  is  a  safe  ap- 
plication. It  has  not  yet  been  displaced,  old  as  its  use  is,  by  any 
modern  remedies.  In  solution  it  is  also  an  excellent  astringent, 
in  the  strength  of  from  one  to  two  grains  to  the  ounce. 

Sulphate  of  copper,  in  crystal,  after  a  century  of  use,  still 
holds  a  first  place  as  an  astringent  caustic  in  trachoma.  It  is 
not  as  much  used  in  solution.  It  is  worthy  of  remark,  that  the 
reaction    from    the  application  of  sulphate  of  copper,  may  be 
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modified  according  to  the  force  used  in  making  an  application 
with  it.  A  gentle  passage  of  the  crayon  across  or  over  the  con- 
junctiva, will  produce,  in  many  cases,  just  sufficient  reaction, 
when  an  application  made  with  considerable  pressure  may  be 
too  severe.  The  surgeon  may,  therefore,  in  some  degree  govern 
the  strength  of  his  application  by  the  pressure  he  exerts  in  mak- 
ing it. 

Sulphate  of  zinc  and  sulpho-carbolate  of  zinc,  are  hardly 
inferior  to  alum  as  mild  astringents,  in  two-grain  solutions  to 
the  ounce.  Tannic  acid  in  combination  with  glycerin  is  a 
valuable  remedy  also,  especially  in  chronic  conjunctivitis,  ap- 
plying a  drop  in  the  corner  of  the  eye,  two  or  three  times  a 
day.  In  trachoma  especially,  a  very  strong  solution  may  be 
used,  from  3  i.  to  ~ij.  to  the  5i.,  a  saturated  solution. 

Boracic  Acid  and  Common  Salt  {Chloride  of  Sodium). — So- 
lutions of  these  agents  are  chiefly  valuable  as  very  mild  eye- 
washes in  chronic  conjunctival  disease,  or  after  operations 
upon  an  eye  that  in  healing  have  left  some  conjunctival 
hyperemia.  A  saturated  solution  or  boric  acid  and  water  is 
proper.  Were  it  not  so  common  and  simple  a  remedy,  a  solu- 
tion of  common  salt  and  water  would  be  much  more  used.  In 
the  strength  of  about  one  drachm  of  finely  pulverized  salt  to  a 
pint  of  water,  it  is  an  excellent  application  for  cases  of  chronic 
conjunctivitis  or  hyperemia  of  the  con- 
junctiva. These  are  generally  less  irri- 
tating applications  than  simple  water. 
A  solution  of  boric  acid  is  also,  as  will  be 
hereafter  shown,  a  very  bland  fluid  for 
cleansing  the  eye  before  an  operation. 

Biborate  of  soda  and  camphor,  3i. 
to  3  iij.,  is  a  deservedly  popular  applica- 
tion among  oculists  for  chronic  conjunc- 
tival irritations  or  inflammations.  Al- 
most any  patient  who  takes  the  treat-     Fm-  to.-n«bdliseb  for  spraying 

1  the  Conjunctiva. 

ment  of  his  eyes  into  his  own  hands, 

begins  with  a  proprietary  medicine  known  as  Pond's  Extract. 
This  is  a  preparation  of  witch  hazel.     It  seems  to  have  no  ad 
vantage  over  boric  acid,  or  common  salt  and  water,  or  plain 
water.     A  convenient  and  efficient  means  of  making  applications 
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of  mild  astringents  and  cleansing  fluids  to  the  conjunctival  sac 
is  by  means  of  a  hand-atomizer,  which  was  introduced  into  the 
practice  of  the  Manhattan  Eye  and  Ear  Hospital  by  Dr.  Agnew, 
where  it  is  still  in  daily  use. 

The  cold  douche  is  chiefly  used  with  benefit  in  some  cases  of  ob- 
stinate phlyctenular  disease  of  the  conjunctiva  and  cornea,  at- 
tended by  very  severe  photophobia.  The  cold  douche  is  chiefly 
used  in  children  who  present  great  spasm  of  the  orbicularis  muscle 
and  photophobia.  The  child's  body  and  arms  are  firmly  held 
while  its  face  is  forcibly  dipped  into  a  basin  of  cold  water,  just 
enough  to  submerge  the  eyes,  and  is  held  there  for  a  few  seconds. 
The  dipping  may  be  repeated  several  times  in  quick  succession. 

Mydriatics. — These  are  among  the  most  important  of  agents 
in  the  treatment  of  ophthalmic  disease.  The  chief  ones  are : 
1.  Atropia.  2.  Cocaine.  3.  Homatropia.  -i.  Duboisia.  5. 
Scopolamia. 

Of  all  these,  atoopia,  used  generally  as  a  sulphate,  easily 
holds  the  first  place.  Prepared  with  castor  oil,  it  is  sometimes 
a  very  efficient  mydriatic  when  the  watery  solutions  fail.  This 
is  probably  because  they  are  sometimes  rapidly  diluted  with  the 
tears  before  having  an  effect.  For  general  use  the  acrueous  so- 
lutions are  preferable. 

In  the  use  of  castor  oil  solutions  of  atropia,  it  is  well  to  use 
the  alkaloid,  as  recommended  by  Green,  of  St.  Louis,  and  not 
the  salt,  and  also  to  see  that  the  apothecary  renders  the  castor  oil 
aseptic  before  dissolving  the  alkaloid  in  it. 

Atropine  (active  principle  of  belladonna)  contracts  the 
blood-vessels,  and  paralyzes  the  sphincter  of  the  pupil  and 
ciliary  muscle,  and  puts  the  eye  in  a  state  of  complete  physio- 
logical rest.  It  is  applied  directly  by  being  dropped  from  a 
dropper  into  the  lower  conjunctival  sac,  or  it  is  pencilled  upon 
the  inner  surface  of  the  lower  lid  with  a  camers-hair  brush.  It 
is  absorbed  through  the  cornea  and  conjunctiva,  and  the  effects 
appear  in  a  few  minutes  and  last  several  days.  It  acts  on  the 
peripheral  ends  of  the  nerves,  paralyzing  the  filaments  of  the 
oculo-motor  nerve,  and  stimulating  those  of  the  sympathetic  (?). 
The  pupil  first  dilates  and  then  the  accommodation  gradually 
becomes  paralyzed.  It  is  used  in  a  solution  of  1  to  4-  grains 
to  an  ounce  of  sterilized   water,   and  this  is  sufficient   for  all 
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ordinary  purposes.  A  very  weak  solution  (-*-  gr.  to  1  oz.)  dilates 
the  pupil  without  much  effect  on  the  accommodation,  and  is 
thus  useful  for  making  ophthalmoscopic  examination,  although 
of  late  its  place  is  largely  taken  by  cocaine.     Atropinized  gelatin 


Fig.  71.— Droppers  for  the  Eye. 

and  paper  discs  are  sold,  and  are  very  convenient.  Ointments 
containing  atropine  may  also  be  used.  The  patient  should  always 
be  told  beforehand  of  the  effects  of  the  drug,  else  he  will  some- 
times be  frightened,  and  accuse  the  surgeon  of  "  taking  away  his 
sight."  This  is  no  fancy  picture.  It  is  quite  a  common  experience 
in  hospital  and  private  practice,  to  find  patients  coming  with  di- 
lated pupils,  with  bitter  complaints  of  the  physician,  to  whom  they 
have  not  returned,  because  they  believe  he  has  damaged  their 
sight.  In  some  cases,  atropine  has  a  poisonous  effect,  shown  by 
increase  of  inflammation,  pain,  irritation  of  the  lids  and  con- 
junctiva, eczematous  eruption,  and  so  forth,  and  has  to  be  dis- 
continued. One-half  grain  sulphate  zinc  added  to  each  ounce  of 
solution  will  sometimes  prevent  this.  Its  local  use  often  causes 
unpleasant  feelings  of  dryness  and  constriction  about  the  throat. 
It  is  a  wise  precaution  to  advise  that  the  drops  be  put  in  after 
eating.  Very  rarely  it  causes  alarming  symptoms  of  belladonna 
poisoning.  Morphine  is  the  proper  antidote.  Atropia,  as  first 
clearly  pointed  out  by  H.  Derby,1  may  precipitate  an  attack  of 
glaucoma,  in  persons  predisposed  to  this  disease.  This  is  said 
to  be  true  also  of  homatropine  and  cocaine.2  While  I  have 
observed  the  breaking  out  of  glaucoma  from  the  use  of  atropia, 
I  have  never  observed  it  from  the  use  of  any  other  mydriatic. 


1  Transactions  American  Ophthalinological  Society,  1868. 
8  Fuchs  :  "  Lehrbuch, "  p.  370. 
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Duboisine  (the  active  principle  of  Duboisia  myoporoides)  pro- 
duces the  same  effects  as  atropine,  but  acts  more  powerfully.  It 
is  used  in  solutions  of  the  same  strength  as  atropine. 

Homatropine  is  also  used  as  a  mydriatic,  but  chiefly  to  par- 
alyze the  accommodation,  in  a  solution  of  four  grains  to  the 
ounce.  It  is  decidedly  inferior  to  atropia  for  this  latter  pur- 
pose, but  its  effects  are  much  less  lasting. 

Scopolamine,  an  alkaloid  from  the  roots  of  the  Scopolia  atro- 
poides,  has  lately  been  introduced  as  a  mydriatic  by  Eaehlmann 
and  Hasket  Derby.  I  have  used  it  for  some  months,  and  I  find 
it  a  very  efficient  mydriatic.  Whether  it  has  any  advantages 
over  atropia  remains  to  be  seen,  but  in  iritis  it  is  prompt  and 
efficient.  It  is  used  in  the  strength  of  from  one  to  two  grains 
to  the  ounce. 

Hydrochlorate  of  Cocaine. — This  drug,  which  is  chiefly  used 
as  a  local  ancesthetic  in  operations  upon  the  eye  (Carl  Koller, 
1885)  is  also  valuable  as  a  mydriatic,  especially  when  very  tem- 
porary effects  are  desired,  as  in  ophthalmoscopy.  A  solution  of 
from  eight  to  sixteen  grains  to  the  ounce  may  be  used,  or,  if  pre- 
ferred, it  may  be  employed  in  gelatin  discs.  It  may  be  used 
more  freely  than  atropine,  but,  since  it  removes  or  dulls  the 
epithelium  of  the  cornea  very  rapidly,  a  little  caution  is  neces- 
sary, to  keep  the  cornea  moist  by  rubbing  the  lids  over  the  eye, 
and  by  dropping  water  in  the  eye. 

MYOTICS. 

Myotics,  or  agents  which  contract  the  pupil,  are  of  much 
more  limited  application.  Calabar  bean  is  a  type  of  myotics. 
It  contracts  the  pupil  and  causes  a  spasm  of  the  muscle  of  ac- 
commodation. It  will  overcome  weak  solutions  of  atropine,  but 
not  strong  ones,  and  its  effects  are  brief.  Sulphate  of  physostig- 
mine  and  sulphate  of  eserine — both  alkaloids  of  calabar  bean — 
are  the  myotics  most  commonly  employed.  Eserine  is  useful  in 
much  the  same  cases  of  inflammation  as  atropine,  excepting  iritis. 
It  is  said  to  contract  the  vessels,  to  lower  the  intra-ocular  press- 
ure, and  to  lessen  diapedesis  or  exhalation  of  the  blood.  It 
sometimes  causes  irritation  of  the  eye.  Both  eserine  and  phy- 
sostigmine,  have  been  highly  recommended  for  suppurative  dis- 
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eases  of  the  cornea.      The  sulphate  of  eserine  has  a  well -deserved 
reputation  in  the  relief  and  even  cure  of  glaucoma. 

Pilocarpine  (the  active  principle  of  jaborandi)  is  similar  to 
eserine  in  its  effects  on  the  eye,  but  is  not  so  useful.  Used  hy- 
podermically  (hydrochlorate  of  pilocarpine,  dose  £  to  £  grain) 
as  an  alterative  and  absorbent,  it  acts  very  favorably  in  epi- 
scleritis, choroiditis,  and  for  clearing  up  vitreous  opacities. 
Used  in  this  way,  it  occasionally  produces  alarming  prostration, 
accompanied  by  vertigo,  nausea,  and  vomiting.  It  also  causes 
sweating,  salivation,  and  lachrymation.  Its  great  value  in 
choroiditis  is  due  probably  to  the  excitation  of  the  action  of  the 
absorbents.  Eserine,  physostigmine,  and  pilocarpine  are  used  as 
local  applications  in  solutions  of  one  to  four  grains  to  the  ounce. 

IRRITANTS. 

Powdered  Calomel. — This  is  applied  by  dusting  it  into  the  eye 
with  a  camel's-hair  brush.  The  brush  should  not  touch  the  eye, 
and  the  powder  should  be  very  fine,  lest  it  form  lumps,  which 
lie  in  the  conjunctival  sac,  to  act  as  foreign  bodies. 

Ointments. — These  are  usually  made  of  the  red  or  yellow 
oxide  of  mercury,  of  varying  strength  from  ^  to  2  grains  to  the 
ounce  of  cold  cream,  vaseline,  benzoated  lard,  Simon's  ointment, 
simple  cerate,  or  similar  agents.  They  are  applied  between  the 
lids  by  a  spatula,  and  by  rubbing  the  lids  act  on  the  whole  front 
of  the  eye. 

Ointments  are  also  largely  used  in  ophthalmic  practice, 
chiefly  to  lessen  or  prevent  the  lids  from  gluing  together,  in  dis- 
ease of  the  conjunctiva.  They  should  always  be  a  bland  applica- 
tion, such  as  those  that  have  been  mentioned  as  vehicles  for 
irritating  applications  to  the  eyes.  Vaseline  is  also  used  as  an 
application  in  purulent  ophthalmia,  when  the  eye  is  kept  filled 
with  it  (F.  M.  Wilson,  Bridgeport,  Conn.,  1888). 

Jequirity. — The  powder  or  solution  of  this  bean  is  extremely 
valuable  in  bad  cases  of  trachoma  with  vascular  keratitis  (pan- 
nus).  A  membranous  inflammation  of  the  lids  is  excited  in  a 
few  hours,  by  placing  a  very  small  quantity.  sayTrrr  of  a  drachm, 
upon  the  palpebral  conjunctiva.  It  was  used  by  the  Indians  of 
Brazil  as  a  cure  for  trachoma,  and  introduced  to  the  profession 
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by  Wecker  of  Paris  (nineteenth  century) .  It  has,  without  good 
reason,  in  many  places  fallen  into  disuse,  but  it  remains  one  of 
the  most  useful  of  agents  in  trachoma  attended  by  pannus. 

EXCLUSION  OF  LIGHT. 

Until  within  a  few  years,  the  general  opinion  seems  to  have 
been,  both  among  the  profession  and  the  laity,  that  light,  even 
ordinary  daylight,  is  very  harmful  to  any  eye  that  has  suffered 
an  accident  or  is  affected  by  disease.  Accordingly  ophthalmic 
patients  were  shut  up  in  dark  rooms,  for  the  most  trifling  ac- 
cidents and  with  diseases  of  a  mild  type.  Among  unintelligent 
people,  the  exclusion  of  light  is  often  carried  to  still  greater 
lengths,  and  heavy  bandages  and  even  blankets  over  the  eyes 
and  head  are  added  to  the  dark  room.  Such  patients  have 
sometimes  been  excluded  from  all  light  by  such  means,  for  months 
and  years.  Among  surgeons  also,  until  recently,  that  is  to  say 
within  ten  or  fifteen  years,  patients  were  much  more  rigorously 
treated  with  respect  to  the  admission  of  light  to  their  rooms, 
than  they  now  are.  There  are  very  few  cases  in  which  a  patient 
requires  any  more  exclusion  from  the  light,  than  can  be  obtained 
from  a  pair  of  tinted  glasses,  blue  or  London  smoke,  or  by  a 
shade,  monocular  or  double,  or  a  bandage.  The  bandage,  how- 
ever, is  chiefly  used  to  keep  the  lids  closed  and  to  secure  union 
of  the  edges  of  a  wound,  to  prevent  prolapse  of  the  iris,  or  bulg- 
ing of  the  cornea.  Ordinary  daylight  or  even  electric  or  gas- 
light, so  used  that  no  glare  falls  directly  upon  the  patient's  eye, 
may  be  admitted  into  the  room  in  which  he  is,  with  impunity. 
In  good  weather,  particularly  in  weather  that  is  not  windy, 
most  eye  patients  are  better  off  with  exercise  in  the  open  air, 
except  just  after  operations  upon  the  cornea.  The  ophthalmic 
surgeon  in  all  his  treatment  of  local  conditions,  must  never  lose 
sightof  the  general  condition  of  the  patient.  Many  patients  seek 
the  exclusion  of  light,  when  to  indulge  their  propensity  would 
be  ruinous. 

ANTISEPTIC  AND  ASEPTIC  PRECAUTIONS. 

The  discoveries  of  Pasteur  (Paris,  nineteenth  century)  and 
the  clinical  experiments  of  Lister   (Edinburgh,  nineteenth  cen- 
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tiny)  called  the  attention  of  surgeons,  after  years  of  wonderful 
inattention,  to  the  necessity  of  absolute  cleanliness  of  the  field 
of  operation,  the  surgeon's  hands  and  instruments,  in  all  surgical 
procedures.  By  field  of  operation  is  meant  not  only  the  part  to 
be  operated  upon,  but  also  the  room  in  which  the  operation  is 
performed.  Besides  this,  the  clothing  of  the  patient,  the  room 
in  which  he  is  put  after  the  operation,  the  hands  and  apparatus  of 
the  assistants,  deserve  careful  consideration  and  labor  to  see  that 
they  are  kept  clean.  Whether  morbid  germs  are  the  cause  or  con- 
sequence of  purulent  infection,  certain  it  is,  that  there  is  nothing 
that  can  befall  a  surgical  wound,  or  other  injury,  so  harmful  as 
a  suppurative  process.  What  is  true  of  a  failure  to  secure  union 
by  first  intention  in  general  surgery,  is  doubly  true  in  the  eye, 
when  healing  by  first  intention,  notably  in  operations  for  cataract, 
is  indispensable  to  secure  a  successful  result.  It  is  probable  that 
chemical  and  mechanical  influences  have  much  to  do,  as  well  as 
infection  by  specific  bacteria,  in  the  production  of  suppuration. 
For  example,  the  violent  and  frequent  closing  and  opening  of 
the  lids  by  the  patient  after  a  cataract  operation  will  displace  the 
flap  and  invite  suppuration,  as  will,  what  is  known  as  dirt,  should 
it  get  between  the  lids.  A  blow  upon  the  eye,  when  all  aseptic  and 
antiseptic  precautions  have  been  faithfully  and  intelligently  em- 
ployed, will  also  destroy  the  effect  of  the  best  operation.  Besides 
this,  drugs  improperly  or  accidentally  applied  may  cause  such  a 
violent  reaction  or  congestion  of  the  blood-vessels,  as  to  induce  sup- 
puration, primarily  by  chemical  changes.  Be  all  this  as  it  may, 
there  still  remains  a  large  proportion  of  cases  in  which  suppura- 
tion is  induced  by  the  presence  of  septic  material,  such  for  ex- 
ample as  from  the  bacillus  of  morbid  lachrymal  secretion  (lach- 
rymal catarrh),  or  that  from  the  diseased  conjunctiva.  The 
patient's  cornea  may  be  infected  from  its  own  lachrymal  or  con- 
junctival secretion,  or  from  that  of  others,  conveyed  by  unclean 
instruments,  or  by  an  infected  bed-chamber  or  operating-room. 

Sometimes  operations  are  performed  with  every  local  antisep- 
tic precaution,  and  yet  the  law  of  absolute  cleanliness  of  surround- 
ings is  neglected  grievously.  Operating-rooms  should  be  con- 
structed so  that  they  may  be  absolutely  and  easily  cleansed,  the 
floor  and  the  ceilings,  tables,  and  chairs,  with  soap  and  water 
and  antiseptic  solutions.     In  patients1  rooms  all  woollen  hang- 
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ings  as  well  as  carpets  should  be  dispensed  with.  In  winter 
small  rugs  may  be  sparingly  employed,  while  the  nurses  and 
friends  of  patients  should  wear  clothing  that  can  be  washed, 
and  not  become  carriers  of  contagion. 

As  to  local  antiseptic  precautions,  I  am  thoroughly  content 
with  such  precautions  as  those  that  have  been  indicated, 
if,  in  addition,  the  instruments  to  be  used  are  thoroughly 
cleansed  in  boiling  water  just  before  using,  and  then  dipped  in 
boiling  water  the  instant  before  they  are  placed  upon  the  eye. 
In  addition,  I  wash  the  eye  and  surroundings  with  a  saturated 
solution  of  boric  acid ;  the  patient,  if  about  to  have  a  cataract 
operation,  having  had  a  full  bath  the  day  before,  or  the  morning 
of  the  operation.  Most  of  my  colleagues,  however,  to  whose 
opinions  I  give  great  respect,  use  solutions  of  bichloride  for 
cleansing  the  eyes  before  and  after  operations,  and  place  vase- 
line and  bichloride  ointment  upon  the  closed  lids,  and  bichloride 
gauze  over  all.  This  I  do  not  think  to  be  necessary,  and  a  pos- 
sible irritant. 

BANDAGES. 


The  protective  and  the  compress  bandage  play  an  important 
part  in  the  therapeutics  of  the  eye.     They  are  used  in  the  one 

case  simply  to  prevent  injurious  in- 
fluences, such  as  wind  and  dust  from 
affecting  the  eye,  and  also  for  keeping 
the  lids  closed.  In  the  other  case,  the 
compress  bandage  is  used  to  exert 
uniform  pressure  upon  the  eye  and 
assist  to  maintain  coaptation  of  the 
wounds  of  the  lids  or  cornea.  One 
of  the  best  methods  of  closing  the  eye 
is  first  to  apply  vaseline,  benzoated 
lard,  or  a  similar  lubricant  along  the 
edges  of  the  lids,  and  then  a  bit  of 
cotton  cloth  sufficient  to  cover  the 
whole  eye.  The  orbital  space  is  then  filled  up  with  absorbent 
cotton.  A  great  boon  was  conferred  upon  the  profession  and. 
through  them  given,  to  the  public,  when  absorbent  cotton  was 


Fig 


-Binocular  Flannel  Bandage. 
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invented.  This  takes  up  fluids  so  freely  and  it  is  so  soft  a 
material  that  it  makes  one  of  the  very  best  means  of  applying 
washes  to  the  eye,  of  cleansing  the  eye,  and  so  forth.  The 
readiness  with  which  it  can  be  destroyed,  also  adds  to  its  quali- 
ties as  an  aseptic  agent.  Patients  who  need  to  make  applica- 
tions to  their  eyes,  or  to  clean  them  very  frequently,  ought 
to  be  recommended  the  use  of  absorbent  cotton  for  this  purpose. 
It  has  many  advantages  over  ordinary  cotton.  Even  the 
finest  cotton  wool  used  by  jewellers  for  packing  is  inferior  to  it. 
The  quantity  used  over  the  eye  is  according  to  the  object  desired 
by  the  use  of  the  bandage.     It  is  carefully  distributed,  so  that  the 


Fig.  73.— Monocular  Flannel  Bandage. 


Fig.  74.— Monocular  Pad  Used  After 
Removal  op  a  Bandage. 


pressure  may  be  uniform.  A  flannel  roller  bandage  is  then  ap- 
plied over  this  (Graefe,  Berlin,  nineteenth  century,  1851).  This 
should  be  one  and  a  half  inches  wide.  It  is  applied  by  alter- 
nating turns,  first  around  the  forehead  and  then  down  under 
the  occiput  and  over  the  eye,  being  fastened  securely  by  pins. 

Isinglass  plaster  has  been  lately  recommended  as  an  excellent 
means  to  be  exclusively  used  in  closing  the  eyelids  (Chisholm, 
Baltimore).  I  have  had  a  large  experience  with  this  means  of 
closing  the  eyes  some  twenty  years  ago,  when  Agnew  practised 
it  almost  exclusively.  But  the  danger  that  the  eye  may  suffer 
irreparable  injury  from  want  of  sufficient  protection,  and  the 
inconvenience  in  removing  it,  led  me  to  follow  Dr.  Agnew 's  ex- 
ample and  go  back  to  the  bandage. 

A  monocular  pad.,  fastened  over  the  head  with  tapes,  is  in 
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efficient  means  of  protecting  the  eye  of  a  convalescent  patient, 
after  an  operation. 

Eye  Shades. — These  are  chiefly  used  as  a  protection  from  a 
glare  of  light  or  a  wind.  They  are  made  of  pasteboard  covered 
by  black  or  blue  silk,  and  fastened  by  tapes  running  around  the 
head. 

Protective  Spectacles. — These  are  of  various  tints  of  blue  or 
London  smoke.  They  should  be  of  good  glass,  having  no  re- 
fractive power,  or  they  are  very  unpleasant. 

Local  Blood-letting. — This  is  accomplished  by  natural  and 
artificial  leeches.  They  are  applied  to  the  temples  about  an  inch 
from  the  outer  canthus  or  further  back  among  the  hairs  (which 
are  first  shaved)  if  it  is  necessary  to  hide  the  scar.  The  effect  of 
the  artificial  leech  is  revulsive,  and  the  vision  is  sometimes  worse 
immediately  after.  After-bleeding  from  leeching  should  be  en- 
couraged by  hot  applications,  and  the  patient  kept  in  a  darkened 
room  for  the  ensuing  twelve  to  twenty -four  hours.  Leeches  are  a 
most  efficient  agent  in  appropriate  cases.  They  are  not  enough 
employed  by  general  practitioners,  on  account,  as  it  seems,  of 
the  alleged  difficulty  of  securing  and  taking  care  of  them. 
These  difficulties  are  purely  imaginary ;  they  may  be  got  in  any 
number  in  the  large  cities,  and  kept  in  their  native  earth  for  an 
indefinite  time. 


CHAPTER  X. 
SURGICAL   OPERATIONS   ON    THE   EYE. 

General  Remarks. — Paracentesis  of  the  Cornea. — Saemisch's  Operation. — 
Trephining  of  the  Cornea. — Iridectomy. — Corelysis. — Keratonyxis. — Extrac- 
tion of  Cataract. — Various  Methods. — Accidents  in  Cataract  Operations. — 
Strabismus  Operations. — Operations  for  Lachrymal  Stricture. — Cantho- 
plasty. — Operations  for  Entropion  and  Ectropion. — Skin  Grafting. — Plastic 
Operations. — Enucleation  of  the  Eyeball. — Artificial  Eyes. — Anaesthetics  in 
Operations. — Ether. — Chloroform. — Light  for  Operations. — Operating  Chairs 
and  Tables. 

After  the  local  and  general  precautions  as  to  cleanliness 
and  antisepsis,  which  have  been  described  in  the  preceding 
chapter,  the  immediate  matter  in  hand  in  an  eye  case  requiring 
a  surgical  operation,  is  the  proper  method  of  its  performance. 
Most  practitioners  who  thoroughly  train  themselves  may  secure 
sufficient  capacity  for  the  successful  performance  of  operations 
upon  the  eyeball.  In  order  to  do  "this,  however,  any  one  who 
proposes  to  operate  should  first  secure  the  requisite  manual 
dexterity,  by  operations  very  frequently  repeated  upon  the 
cadaver.  In  operating  upon  the  eye,  unlike  operations  in  gen- 
eral surgery,  there  is  no  opportunity  to  become  steady  by  the 
preliminary  cutting  of  the  integument  and  other  comparatively 
unimportant  structures.  At  the  first  entrance  of  the  knife  into 
the  tissue,  notably  in  cataract  operations  and  iridectomy,  the 
operator  by  his  want  of  steadiness  and  skill,  may  do  irreparable 
harm.  Most  men  with  any  surgical  proclivities  may  overcome 
a  little  nervousness,  causing  tremor,  by  constant  practice  upon 
the  cadaver.  Those  who  cannot,  and  they  are  generally  those 
who  have  no  surgical  tastes,  should  not  undertake  operations 
upon  the  eye  itself,  although  such  persons  may  be  perfectly 
competent  for  operations  upon  the  lids  and  tear-passages. 
Again,  the  operation  for  extraction  of  cataract  is  one  requiring 
much  special  experience,  the  first  of  which  should  be  under  the 
direction  of  skilled  masters.     A  practitioner  with  little  experi- 
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ence  under  such  teaching,  should  not  undertake  isolated  cases, 
unless  he  has  an  especially  good  surgical  aptitude,  although  it  is 
not  to  be  denied  that  practitioners  who  operate  but  very  rarely, 
but  who  know  well  how  to  use  surgical  instruments,  some- 
times get  excellent  results.  The  eyes  of  pigs  make  excellent  sub- 
stitutes for  human  eyes  in  experimental  operations,  and  opera- 
tions should  be  rehearsed  on  them. 

SPECULA. 

The  lids  are  held  apart,  when  necessary,  by  a  spring  speculum, 
or  elevators.     I  prefer  the  hinged  speculum  of  Galezowski  to 


Fig.  75.— Galezowski's  Speculum  with  Hinge  Joints. 

an}^  other  for  adults.  There  are  many  varieties  of  these  essential 
instruments.  The  eyeball  is  kept  in  position  by  a  fixation  forceps, 
which  should  grasp  a  fold  of  conjunctiva  near  the  corneal  margin, 
and  be  lightly  held,  so  as  to  steady  the  globe,  without  any  undue 
traction  or  pressure.     Most  of  the  incisions  are  made  through  the 


Fio.  70.— Noyes'  Speculum. 


Fig.  77.— Speculum  for  the  Eyes 
of  Children. 


cornea,  and  the  knife  should  always  be  entered  perpendicularly, 
so  as  to  divide  the  tissue  by  the  shortest  route,  and  not  run  between 
its  lamina?.  When  the  point  of  the  instrument  has  entered  the 
anterior  chamber,  it  should  be  turned   forward   and  carefully 
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watched  lest  it  wound  the  iris  or  lens.  Incisions  in  the  ciliary 
region  are  to  be  avoided,  on  account  of  the  risk  of  sympathetic 
ophthalmia.     Blood-clots  are  best  removed  from  the  incision  in 


Fig.  78.— Spring  Fixation  Forceps. 


front  of  the  eye,  by  gently  rubbing   the  lids  over  it  or  by  fine 
forceps. 

Paracentesis  of  the  Cornea. — This  is  performed  by  passing 
a  needle  or  the  blade  of  an  iridectomy  knife  through  the  cornea 
near  its  margin,  and  allowing  the  aqueous  humor  to  drain  off 
slowly  alongside  of  the  instrument.  In  this  and  all  other  oper- 
ations where  the  anterior  chamber  is  opened,  a  too  rapid  escape 


ir 

Fig.  79.— Paracentesis  Knives. 


of  fluid  must  be  avoided,  through  fear  of  prolapse  of  the  iris, 
and  of  injurious  shock,  which  results  from  too  sudden  diminution 
of  the  intraocular  tension. 

Saemisch's  operation  for  indolent  ulcer  (Saemisch,  Bonn, 
nineteenth  century)  consists  in  passing  the  point  of  a  narrow- 
bladed  cataract  knife  through  the  healthy  cornea,  1  mm.  from 
one  edge  of  the  ulcer,  and  bringing  it  out  the  same  distance 
from  the  opposite  edge.  The  knife  is  then  made  to  cut  its  way 
out  through  the  bottom  of  the  ulcer.  The  incision  may  be  kept 
open  by  passing  a  fine  probe  through  it  every  day  or  two.  and 
the  tension  so  kept  down  until  the  process  of  repair  begins. 
This  operation  is  also  performed  for  corneal  abscess. 

Trephining   of   the    cornea  (Bowman,   London,    1ST2)   is 

done  by  an  instrument  specially  designed  for  the  purpose.     A 

circular  disc  of  corneal  tissue  is  removed,  Descemet's  membrane 

being  generallv  left  behind  if  possible. 
13 
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Keratome. 


IEIDECTOMY   (WENZEL,   1780). 
(Greek  ipig,  and  earo/iai,  cutting  out.) 

The  iridectomy  knife  is  entered  through  the  cornea  near  its 
border,  carried  on  until  the  incision  is  of  the  desired  length,  and 

then  withdrawn.  Iris  for- 
ceps are  then  passed  through 
the  incision,  made  to  grasp 
the  iris  and  draw  it  out,  when 
the  desired  amount  is  cut  off 
with  scissors,  close  to  the  lips  of  the  wound.  A  cataract  knife, 
Graefe's,  is  often  used  for  this  operation. 

Various  forms  of  iris  forceps  are  used  by  different  operators. 
I  prefer  the  small  ones  figured  herewith,  and  known  as  Fischer's 
(Austria,  nineteenth  century), 
but  the  larger  instruments  are,  ^^sssr^-^f^Hll 
perhaps,  more  commonly  used. 

Iridotomy  (Greek,  <>;?,  and 
rofiTj^  section)  (Cheselden,  England,  1728). — This  operation  is 
chiefly  performed  where  the  iris  has  formed  adhesions  to  the 
cornea  or  lens,  and  the  pupil  is  closed  by  inflammatory  deposit. 

The  object  of  the  operation  is  to  make 
a  slit  in  the  iris,  with  the  hope  that 
its  edges  will  retract,  leaving  a  per- 
manent opening,  to  serve  as  a  new 
pupil.  Sometimes  the  slit  is  made  simply  by  a  knife  passed 
through  the  cornea  and  iris  (Loring,  New  York).     Special  in- 


Fig.  81.— Fischer's  Iris  Forceps. 


Fig.  82.— Narrow  Graepe  Knife. 


Fig.  83. — Wecker's  Iridotomy  Sc-iksoks. 


struments  have  been  devised  for  the  operation,  such  as  the  scis- 
sors of  M.  de  Wecker  (Paris,  nineteenth  century).     The  cuts 
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show  Wecker's  scissors  for  iridotomy.     I  prefer  a  narrow  cat 
aract  knife  or  Galezowski's  sickle-shaped  knife  for  an  iridotomy 
to  the  scissors. 

Corelysis    (*"/"/.  ]>"}>/l,   and  Xuai$,  loosing)  (Wenzel). — This 
is  performed   to  break  up  adhesions,   which   have    formed  be- 
tween the  iris  and  the 
capsule    of    the    lens. 
An  opening   is   made 
near  the  corneal  mar- 
gin, a  little  to  one  side 
of  the  adhesion  which 
it  is  proposed  to  loosen. 
in   and    made   to    tear 


Fig.  84. — Iris  Scissors. 


A  blunt  flattened  hook  is  then  passed 
through   the   attachment   (Streatfield's 
method) ;  or,  an  incision  having  been  made  near  the  edge  of  the 


Fig.  85.— Iris  Forceps. 


cornea,  the  iris  is  grasped  by  a  pair  of  curved  forceps,  near  the 
adhesion,  which  is  then  loosened  by  traction  made  toward  the 
periphery  (Passavant's  method). 


OPERATIONS  FOR  CATARACT. 

KERATONYXIS. 

(KEpag,  cornea,  and  waau,  to  puncture.) 

Discission  or  Solution  of  Cataract  (Conradi.  Germany, 
1707). — This  operation  is  applicable  only  to  soft  cataracts.  It 
consists  in  lacerating  the  anterior  capsule  by  a  fine  needle,  passed 
in  through  the  peripheral  portion  of  the  cornea.  The  aqueous 
humor  thus  comes  in  contact  with  the  lens  matter,  and  softens 
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it  so  that  it  is  gradually  absorbed.  The  operation  usually  must 
be  repeated  several  times.  It  is  best  to  lacerate  the  capsule 
and  the  lens  very  slightly,  especially  at  the  first  operation,  else 
great  swelling  of  lens  matter  may  result,  causing  injurious 
pressure  (secondary  glaucoma).  The  pupil  should  be  dilated 
with  atropine  before  the  operation. 

Soft  cataracts  are  also  removed  through  a  linear  incision, 
made  with  an  iridectomy  knife  at  the  edge  of  the  cornea.  The 
most  of  the  lenticular  substance  may  escape  spontaneously  as 
soon  as  the  wound  is  completed,  or  it  may  require  to  be 
coaxed  out  in  same  manner  as  hard  cataracts,  or  to  be  removed 
b}^  a  curette.  When  there  is  great  swelling  of  the  lens  after 
keratonyxis,  it  should  be  evacuated  at  once  through  a  linear  in- 
cision. Soft  cataracts  are  sometimes  evacuated  by  suction.  A 
suction  instrument  has  been  devised  for  this  purpose,  which 
can  be  passed  through  a  small  opening  in  the  cornea. 

REMOVAL   OF   CATARACT  BY  SUCTION. 

The  operation  of  removal  of  cataract  by  suction  has  not,  perhaps, 
received  sufficient  attention.  It  is  an  operation  re-introduced  by 
Mr.  Pridgin  Teale,  Jr.,  of  Leeds,  England,  who  suggested  it  and 
performed  it  with  success  in  December,  18G3,  on  a  young  man  who 
had  a  traumatic  cataract.1  Mr.  Teale  was  quite  unaware,  at  the 
time,  of  the  antiquity  of  the  operation.     He  did  not  know  that  it  had 

ever  before  been  practised, 
but  he  found  that  a  simi- 
lar proceeding  Avas  prac- 
tised  by  the   Persians   in 

Fig.86.— Suction  Apparatus  Reduced  in  Size  (H.Derby).       the      fourth     Century,     and 

in  an  American  edition  of 
Lawrence's  "Treatise  on  Diseases  of  the  Ej-e,"  1854,  p.  1,733, 
M.  Blanchet  is  quoted  as  performing  the  same  operation,  par  svs- 
piration.  Mr.  Teale  improved  on  the  operation  by  using  a  glass 
tube,  to  one  end  of  which  is  fastened  a  tubular  curette,  while  to 
the  other  extremity  a  piece  of  India-rubber  tubing  with  a  glass 
mouthpiece  is  attached.  In  the  operation  the  capsule  of  the  lens 
is  first  torn  with  a  fine  needle,  the  lens  matter  having  been  broken 
up  so  that  every  part  of  it  is  freely  exposed  to  the  action  of  the 

1  "Lectures  on  the  Eye,  Orbit,  and  Eyelids,"  Lawsou.  London  :  Longmans, 
Green  &  Co. ,  1867,  p.  154. 


REMOVAL   OF   CATARACT    I'.Y    SUCTION.  197 

aqueous  humor,  and  then  the  whole  lens  is  removed  through  the 
tubular  curette,  the  mouth  of  the  operator  being  the  suction  power. 
Mr.  LawsoE  divided  the  operation  into  two  stages,  the  second  stage 
being  performed  two,  three,  or  four  days  after  the  wounding  of  the 
capsule.  An  opening  is  made  in  the  cornea  with  a  broad  needle 
immediately  within  the  pupillary  margin  of  the  dilated  pupil,  suffi- 
cient in  size  to  allow  of  the  easy  entrance  of  the  tubular  curette. 
The  instrument  is,  of  course,  to  be  managed  in  the  most  delicate 
maimer.  The  suction  may  also  be  performed  by  a  cataract  syringe, 
— a  delicate  metal  syringe  placed  at  one  extremity  of  a  glass  tube, 
the  other  end  having  a  tubular  curette.  The  sj^ringe  is  so  contrived 
that  the  piston  can  be  worked  with  one  hand  and  the  movements  of 
the  curette  guided,  while 
the  other  is  left  free  to 
fix  the  globe  with  a  pair 
of  forceps.      Dr.    Derby 

n  ,1  •  i  •  Fig.  87.—  -Magnified  Picture  of  Point  of  Suction  Instru- 

performs  this  suction  op-  MENT  (H  Derby) 

oration1  by  means  of  an 

instrument  made  from  the  glass  barrel  of  an  ordinary  subcutane- 
ous injection  syringe,  to  one  extremity  of  which  is  attached 
a  piece  of  rubber  tubing  ending  in  the  mouthpiece,  while  on  the 
other  is  a  bent  hollow  needle  of  large  size  (see  Fig.  80).  This 
needle  is  passed  through  a  small  opening  in  the  cornea  and  anterior 
capsule.  The  air  in  the  tube  is  then  exhausted,  and  the  cataract 
substance  flows  in  to  take  its  place.  This  is  substantially  Teale's 
method  of  operation.  The  instruments  for  this  operation  are  a  spring 
speculum,  fixation  forceps,  broad  needle,  and  the  suction  apparatus. 
The  barrel  is  shorter  and  less  in  diameter  than  the  English  instru- 
ment. The  neck  of  the  hollow  needle  at  its  lower  end  fits  the  open- 
ing made  by  the  broad  needle,  and  the  opening  is  across  the  extrem- 
ity instead  of  being  on  its  front  face.  The  rubber  tube  that  connects 
with  the  mouthpiece  has  a  coil  of  light  wire  running  the  entire 
length  of  its  interior.  The  modifications  of  the  instrument  are 
largely  due  to  Dr.  Robert  Willard,  of  Boston.1 

In  1885,  lo?  operations  by  suction  had  been  performed  at  the 
Massachusetts  Charitable  Eye  and  Ear  Infirmary.  In  the  65  recorded 
cases,  full  success  was  accomplished  in  46,  partial  in  18,  and  loss  in  one. 
Although  this  is  an  operation  deserving  of  more  consideration  than 
it  has  generally  received,  I  do  not  think  it  has  many  advantages  over 
a  good  linear  extraction,  while  it  is  rather  more  difficult  to  perform. 


1  "Reference  Handbook,"  Article  "Cataract,"  vol.  i.,  page  798. 
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A  syringe,  Panas',  or  a  simpler  one,  an  ordinary  dropper  or 
Lippincott's  may  be  used  for  washing  out  the  remains  of  a  soft 


Fig.  88.— P anas'  Syringe. 


lens,  as  well  as  the  cortex  often  left  behind  in  the  extraction 
of  hard  cataract. 

EXTRACTION  OF  CATARACT. 

The  operation  of  effraction  is  designed  for  the  removal  of 
hard  cataracts.  It  has  long  since  supplanted  the  old  and  dan- 
gerous operation  of  reclination  or  couching,  by  which  the  lens 
was  pushed  down  into  the  vitreous  humor  and  left  there.  The 
chief  credit  of  introducing  extraction  is  given  to  Jacques  Daviel 
(France,  1745).     A  statue  has  been  erected  to  him  in  France. 

Simple  flap  extraction  is  now  performed  by  a  section  made 
with  a  narrow  knife  either  upward  or  downward,  far  preferably 
upward,  at  the  margin  of  the  cornea,  so  that  about  half  the 
cornea  is  comprised  in  the  flap.  The  capsule  is  next  opened  by 
a  cystotome.  Then  gentle  pressure  is  made  with  the  finger  or  a 
curette,  against  the  globe  opposite  the  flap,  and  upon  the  globe, 
so  as  to  tip  the  edge  of  the  lens  forward  into  the  wound,  through 
which  it  escapes.     No  iridectomy  is  performed  in  this  operation. 

Graefe's  modified  linear  extraction  (Albrecht  von  Graefe, 
Berlin,  died  1870),  itself  greatly  modified  since  he  first  proposed 

it.  was  for  years  the  most  com- 

=zr:=::::jK-3<  ,     rami  operation  for  hard  cataract. 

The  incision  is   smaller   than  in 

Fig.  89.— Graefe  Knife. 

the  flap  operation,  and  may  be 
regulated  by  the  size  and  hardness  of  the  lens.  The  operation 
is  usually  performed  somewhat  as  follows:  The  point  of  a 
narrow-bladed  knife   (a   Graefe  knife)  is   passed   through   the 
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cornea,  just  beyond  the  limbus,  and  a  little  above  its  centre, 
carried  across  the  anterior  chamber,  and  out  at  a  corresponding 


C&= 


Fig.  90.— CrsTOTOMB  Spoon.    Rubber  Spatula. 


Fig.  91.— Rubber  Spoon. 


point  on  the  opposite  side.  The  first  puncture  is  made  with  the 
point  of  the  knife,  directed  downward  toward  the  centre  of  the 
pupil,  so  that  the  inner  lip  of 
the  wound  may  be  as  large  as 
possible.  After  completing  the 
puncture  and  counter-puncture, 
the  edge  of  the  knife  is  turned 
obliquely  upward  and  forward,  and  by  a  sawing  motion  made 
to  cut  its  way  out,  emerging  about  at  the  upper  sclero-corneal 
margin.  A  piece  of  iris  is  drawn  out  and  excised.  The  cap- 
sule is  divided  by  the  cystotome,  preferably 
by  a  T-shaped  incision,  or  by  an  incision 
along  the  periphery.  The  lens  is  tipped  for- 
ward into  the  track  of  the  wound,  generally 
by  pressure  with  the  curette  at  the  opposite 
corneal  margin,  or  with  the  finger ;  then  by 
gently  sliding  the  curette  over  the  cornea, 
the  lens  is  forced  out.  The  incision  is  made 
either  upward  or  downward,  preferably  up- 
ward. 

Graefe's  first  operation  was  begun  and 
ended  in  scleral  tissue;  although  this,  like 
all  of  Graefe's  suggestions,  at  first  received 
almost  universal  commendation,  it  was  soon 
abandoned  on  account  of  the  obvious  invita- 
tion to  sympathetic  inflammation  of  the  fellow -eye,  and  a  section 
entirely  in  the  cornea  substituted  (see  chapter  on  Cataract). 
The  lens  may  also  be  extracted  in  its  capsule  by  dislocating  the 
lens  with  the  back  of  the  knife  after  making  the  counter-punc- 

1From  " Reference  Handbook  Medical  Sciences,"  Hasket  Derby,  vol.  i.,  p.  801. 


Fig.  92.— Ideal  Periphe- 
ric Linear  Section.  Ideal 
peripheric  linear  cut,  cor- 
neal diameter  12  mm  ,  am, 
en,  tangents  to  the  horizon- 
tal diameter  mm  ;  <1e,  tan- 
Kent  to  the  vertical  diame- 
ter :  a.  point  of  puncture; 
a,  b,  line  of  direction  of 
back  of  knife  at  time  of 
puncture;  c,  point  of  coun- 
ter-puncture; a,  cl,  h,  e.  c, 
course  of  conjunctival 
wound:  a,  c,  course  of  cor- 
neoscleral wound  on  outer 
surface  of  sclera.1 
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ture.  It  is  then  evacuated  in  the  usual  way  (Roosa,  New  York, 
1880). 

Another  method  of  extraction  of  the  lens  in  its  capsule  is  to 
make  a  downward  section  and  remove  it  with  a  curette  (Pagen- 
stecher,  Wiesbaden,  1872). 

Liebreich's  Operation  (Liebreich,  London). — The  incision 
in  this  operation  is  made  with  a  narrow-bladed  knife.  It  is 
more  transverse  than  in  Graefe's  operation,  lying  wholly  in  the 


Fig.  93.— Extraction  of  Cataract  (After  a  Photograph).    This  picture  is  more  realistic  than  the 
others,  but  it  presents  a  clear  view  of  making  a  section  in  an  ordinary  simple  extraction. 

cornea,  except  the  puncture  and  counter-puncture,  which  are 
made  in  the  sclerotic  about  1  mm.  from  its  edge.  No  iridec- 
tomy is  performed. 

Preliminary  Iridectomy.  —  A  cataract  extraction  is  some- 
times divided  between  two  operations.  At  the  first,  an  iridec- 
tomy is  performed ;  then  at  some  subsequent  time  the  lens  is 
removed.  This  is  called  Jacobsen's  method  (  Jacobsen,  Konigs- 
berg,  1866).  This  operation  is  also  generally  modified  by  making 
an  incision  entirely  in  the  cornea. 
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Operations  for  secondary  cataract,  or  membranes,  consist 
usually  in  making  ;i  small  hole  through  the  membrane  by  tear- 
ing it  with  needles  (called  a  needling)  or  forceps,  or  by  cutting 
it  with  a  knife  or  special  form  of 
scissors. 

Galezowski's  sickle-shaped 
knife,  Knapp's  knife  needle,  or  a 

narrow  iridectomy  knife  (Loring),  or  Wecker's  scissors  may  be 
used  for  iridotoniy,  according  as  the  nature  of  the  case  or  the 
surgeon's  views  may  decide.     I  use  either  a  Galezowski   or  a 


(  rALEZOWSKl'S  CYSTOTOME. 


Fig.  95.     Hook-shaped  Cvstotome. 


Fig.  96.— Cystotome. 


Graefe  knife  in  all  the  iridotomies  and  operations  for  membra- 
nous or  secondary  cataract  that  I  perform. 

Simple  Extraction. — At  the  present  time  in  New  York,  the 
operation  most  frequently  performed  for  hard  cataract  is  simple 

extraction.  This  is  a  flap  opera- 
tion, the  flap  being  made  witli 
a  narrow  knife,  and  without  a 
coincident  iridectomy.  The  cap- 
sule is  then  divided  with  a  cap- 
sulotome,  and  the  lens  extracted 
by  the  fingers  or  the  spoons. 
This  is  essentially  a  return  to  the 
classical  operation  of  Beer,  except  that  instead  of  the  triangular 
knife  of  Beer  (Figs.  97,  9S),  the  narrow  and  much  more  con- 
venient knife  of  Graefe  is  used. 


Figs.  97  and  98.— Beer's  Knives. 


POSSIBLE    ACCIDENTS    IN  THE   OPERATION  OF  EXTRACTION   OF 

CATARACT. 

1.  The  iris  may  fall  before  the  knife  and  be  cut.  This  is  not 
a  serious  accident,  the  operator  may  go  on  as  if  it  had  not 
occurred. 

,  2.  The  operator  may  enter  the  knife  improperly,  so  that  the 
back  presents  instead  of  the  edge.  This  is  of  course  a  piece  of 
carelessness,  yet  the  knives  are  so  thin  and  narrow  that  even 
experienced  operators  have  been  known  to  make  this  mistake. 
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Should  it  occur,  the  knife  may  be  withdrawn,  the  operation 
deferred  for  a  day,  or  until  the  corneal  wound  has  healed,  or 
the  cut  may  be  made  in  the  opposite  direction,  the  knife  being 
turned  while  in  the  eye. 

3.  The  incision  may  be  made  too  small,  so  that  the  lens  es- 
capes, if  at  all,  with  great  difficulty.  As  soon  as  it  is  seen  that 
the  lens  will  not  readily  escape,  for  this  reason,  the  corneal  flap 
should  be  enlarged  with  the  scissors.  This  is  by  no  means  an 
accident  fatal  to  the  eye,  but  it  is  a  dangerous  one,  because  it 
makes  an  uneven  flap,  that  may  be  very  slow  in  healing.  Yet 
some  excellent  results  have  been  obtained  after  this  accident. 

4.  The  vitreous  may  escape  before  the  lens  can  be  evacuated, 
and  the  lens  may  then  fall  back  iuto  the  vitreous  humor.  This 
is  a  bad  accident.  A  spoon  is  to  be  introduced  at  once,  and  the 
lens  removed,  if  possible.  If  this  cannot  be  quickly  done,  the 
eye  should  be  closed,  healing  of  the  wound  secured,  and  a  sub- 
sequent attempt  made  to  remove  the  lens.  A  subsequent  at- 
tempt is  usually  successful.  The  loss  of  considerable  vitreous, 
say  one-third  its  volume,  is  not  necessarily  fatal  to  the  success 
of  a  cataract  operation,  but  it  is  an  unfavorable  occurrence.  It 
may  be  followed  by  a  detachment  of  the  retina,  and  by  intra- 
ocular hemorrhage.  Yet  excellent  results  often  follow  opera- 
tion with  considerable  loss  of  vitreous. 

5.  Prolapse  of  the  iris,  or  incarceration  of  the  iris  in  the 
wound.  If  this  occur  during  the  operation,  and  it  is  not  easily 
replaced  with  a  hard  rubber  spatula,  the  iris  should  be  cut  off. 
But  if  it  occur  during  the  healing,  it  is  better  to  leave  the 
shrivelling  of  the  prolapsed  iris  to  nature. 

This  is  also  a  bad  accident  unless  the  iris  can  be  at  once 
cut  off  smoothly.  Incarceration  of  the  iris,  with  the  leaving 
behind  of  a  thick  mass  of  capsule,  may  lessen  the  filtration 
angle  and  be  the  cause  of  glaucoma. 

(>.  Incomplete  removal  of  the  lens  matter.  This  is  a  trouble- 
some thing  at  times.  Efforts  should  be  made,  by  massage  of 
the  closed  lids,  by  gentle  use  of  spoons  outside  the  eye,  and  the 
syringe  in  the  anterior  chamber,  to  leave  a  black  pupil,  and  an 
ability  on  the  part  of  the  patient  to  count  ringers;  but  when 
there  is  danger  of  much  loss  of  vitreous  it  is  better  to  take  the 
chances  of  absorption  of  the  lens  matter. 
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Fig.  99.—  Strabismus  Hook. 


STRABISMUS    OPERATION. 

Tenotomy — Strabotomy  (Dieffenbach,  Germany,  1839). — 
A  speculum  having  been  placed  in  the  eye,  a  fold  of  conjunctiva 
and  subconjunctival  tissue  is  seized  with  the  forceps  near  the 
margin  of  the  cornea,  and  over 
the  insertion  of  the  tendon  to  be 
divided.  This  fold  is  snipped 
with  blunt  -  pointed  scissors, 
curved  on  the  flat,  which  are  then  passed  into  the  opening. by  a 
burrowing  motion,  and  made  to  thoroughly  divide  the  subcon- 
junctival tissue  about  the  insertion  of  the  muscle.  The  strabis- 
mus hook  is  inserted  and  passed  under  the  tendon  so  as  to  catch  it 

up,  after  which  it  is  brought 
into  view  by  pushing  aside 
the  conjunctiva.  While  held 
on  the  hook,  it  is  divided  with 
scissors  close  to  its  insertion. 
The  cutting  of  the  muscle 
should  begin  at  the  distal  end 
of  the  hook.  Another  hook 
is  then  inserted  and  moved  freely  around,  and  any  remaining 
fibres  caught  up  and  divided  in  same  way.  There  are  several 
minor  modifications  of  this  method  of  operation.  The  wound 
in  the  conjunctiva  is  united  by  sutures  when  desired. 


Fig.  100.— Speculum. 


Fig.  101.— Strabismt is  Scissors. 


It  adds  to  the  comfort  of  a  patient  after  a  strabismus  opera- 
tion, to  apply  iced  cloths  to  the  eye  for  a  few  hours.  If  the 
patient  be  operated  upon  away  from  his  own  home,  or  he  is  not, 
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in  a  hospital,  the  eye  should  be  bandaged  on  his  going  out  into 
the  air,  and  remain  so  until  he  is  within  doors,  when  the  band- 
age is  to  be  removed.  Severe  inflammation  in  a  few  cases,  de- 
structive in  character,  has  occurred  after  tenotomy,  from  infec- 
tion of  the  wound 
/£=  ~-^    from  improper  care, 

or  want  of  care. 

Cases '  have  been 
reported  in  which  the  operator  has  divided  the  sclera  and  entered 
the  vitreous,  in  the  too  free  use  of  the  scissors  in  separating  the 
muscle  from  its  attachment. 

In  two  cases,  which  Dr.  Hasket  Derby  saw,  although  he  was 
not  the  operator,  the  wounds  healed,  without  damage  to  vision. 


Fig.  102.— Fixation  Forceps. 


Fig.  103. — Forceps  for  Seizing  the  Conjunctiva. 

although  in  one  case  convalescence  lasted  nearly  six  weeks.  The 
wound  healed  very  slowly.  It  was  feared  it  would  open  and 
vitreous  escape  as  late  as  the  eighth  day.  In  the  second  case 
three  weeks  were  required  for  the  healing  of  the  wound.  In 
both  of  these  cases  the  operators  confessed  that  the  scissors  were 
not  what  they  should  be;  the  pair  used  in  the  first  case  was 
straight  and  thick,  the  pair  employed  in  the  second  case,  was 
dull.  Alfred  Graefe  is,  therefore,  probably  right  in  attributing 
the  accident  to  want  of  dexterity,  or,  as  I  would  prefer  to  say.  to 
want  of  punctilious  attention  to  detail  in  the  preparation  for,  and 
performance  of,  any  surgical  operation.  In  the  discussion  that 
followed  this  paper,  Knapp  stated  that  in  three  thousand  opera- 
tions, he  had  perforated  the  sclera  three  times.  In  two  cases,  it 
was  because  an  assistant  gave  him  sharp-pointed  scissors  instead 
of  blunt  ones.  Dr.  E.  Williams  also  once  suffered  this  accident. 
Dr.  Buller  thought  the  mishap  one  liable  to  occur  to  the  most 
skilful  operator.  He  had  seen  the  accident  twice.  In  both 
instances  the  patient  had  done  well.  The  conjunctiva  was 
stitched  in  the  cases  which  Dr.  Buller  saw.  A  case  was  reported 
in  which  panophthalmitis  had  occurred  as  a  result  of  the  per- 
foration of  the  sclerotic. 


Transactions  American  Ophthalmological  Society,  1885,  page  33. 
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From  all  this,  the  young  operator  will  certainly  be  sufficiently 
warned,  never  to  use  dull  or  sharp-pointed  scissors  in  a  strabis- 
mus operation. 

Inflammation  of  the  capsule  of  Tenon  after  a  strabismus 
operation  may  occur  as  a  result  of  a  violent  use  of  "the  hook,  or 
from  infection  of  the  wound. 

LACHRYMAL  OPERATIONS —BOWMAN'S  OPERATION  FOR  OPENING 
THE  CAN ALICULL—  PROBING  THE  NASAL  DUCT. 

(Bowman,  London,  nineteenth  century.) — A  tine  director  is 
passed  into  the  punctum  and  along  the  canaliculus  into  the  lach- 
rymal sac,  its  grooves  being  turned  toward  the  free  margin  of  the 


Fig.  10J.— Bowman's  Lachrymal  Probe. 

lid,  which  is  kept  tense  by  being  pulled  outward  with  the  finger. 
The  point  of  a  narrow-bladed  knife  is  then  inserted  into  the 
punctum,  and  passed  along  the  canal,  so  as  to  lay  it  open  quite 
into  the  sac.  Or  a  narrow,  probe-pointed  knife  is  passed  into  the 
punctum  and  along  the  canaliculus,  which  is  divided  by  raising 


Fig.  105.— Weber's  Probe. 


the  knife  from  heel  to  point,  no  director  being  used.  The  latter 
is  the  more  common  method.  Sometimes  the  knife  is  passed 
onward  through  the  nasal  duct  for  the  purpose  of  dividing 
strictures.     Yet  the  beginner  will  find  a  thorough  preliminary 


iiiiiim 


Fig.  IOC— Director  and  Canaliculus  Knife. 

dilatation  a  good  preparation  both  for  the  steaidness  of  the 
patient,  to  whom  the  dilatation  gives  very  little,  if  any,  pain,  and 
for  the  successful  cutting  of  the  little  canal. 

Probing    the    nasal    duct    is    done    by    Bowman's   probes, 
which  are  of  different  sizes  and  bent  to  correspond  with  the 


206 


SURGICAL   OPERATIONS   ON   THE   EYE. 


course  of  the  duct.     The  end  of  the  probe  is  passed  along  the 
divided  canaliculus,  until  it  is  felt  to  strike  hard  upon  the  inner 

wall  of  the  sac.  It  is  .then  raised 
into  a  vertical  position  with  the  con- 
vexity of  its  bend  backward,  and 
passed  downward  through  the  sac 
and  then  downward,  outward,  and 
forward  through  the  duct  into  nose. 
When  the  end  of  the  probe  is  not 
in  the  sac  each  movement  of  it  will 
be  seen  to  cause  a  movement  of  the 
underlying  skin,  and  it  will  not  give 
to  the  finger  the  sensation  of  strik- 
ing against  the  firm,  bony  wall,  as 
it  does  when  in  proper  position.  If 
the  treatment  by  probing  the  nasal 
duct  is  to  be  successful,  a  thorough 
division  of  the  canaliculus  into  the  sac  is  essential. 

The  exact  manner  of  passing  lachrymal  probes,  the  amount 


Fig.  107.— Probe  in  Position. 


Fig.  108.— Anel's  Syringe. 


of  force  to  be  used,   and    so    forth,   can  only  be   acquired  by 

experience.     This  should  be  had  on  the  cadaver. 

A  hollow  probe  (Wecker,  Paris)  is  sometimes  used  and  in- 
jections made  through 
it  along  the  whole 
nasal  duct,  withdraw- 
ing it  gradually  as  the 

Fig.  109. -Hollow  Probe,  Wecker.  Syringing  goes  Oil. 

Some  surgeons  pre- 
fer bulbous  probes  (H.  W.  Williams,  Boston) ;  others  still  em- 
ploy styles  or  probes  which  may  be  left  in  for  weeks  (see 
Chapter   on   Diseases    of   Lachrymal   Apparatus);    others   em- 
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ploy   tapering   probes,    like   that   here    figured,    but   I   recom- 
mend   the   original   probe   as   advised   by   Bowman.      In   rare 


Fig.  110.— Hollow  Probe  and  Syringe, 


cases,  T  find  it  necessary  to  go  beyond  the  sizes  recommended 
by  Bowman. 

BRINGING    FORWARD    OR    ADVANCEMENT    OF    THE    INSERTION    OF 

A    MUSCLE. 

An  incision  is  made  in  the  conjunctiva,  one  to  two  lines 
from  the  edge  of  the  cornea  and  over  the  tendon  of  the  mus- 
cle. The  tissues  including  the  muscle  (whose  insertion  is"  first 
separated  from  the  globe)  are  dissected  up  from  the  sclerotic  as 
far  back  as  the  equator  of  the  eyeball.  The  flap  thus  formed  is 
pulled  forward  and  united  by  sutures  to  the  flap  left  stand- 
ing at  the  corneal  margin,  so  as  to  cause  the  tendon  to  unite 
itself  with  the  sclerotic  at  a  point  farther  forward.  Sometimes 
a  piece  of  muscle  is  excised  so  as  to  shorten  it.  If  some  con- 
junctiva is  excised  before  bringing  the  flaps  together,  the  effect 
is  increased.  The  tendon  of  the  opposite  muscle  is  usually  also 
divided  to  increase  the  effect.  The  operation  is  modified  in  sev- 
eral ways  by  different  surgeons.  In  Agnew's  method,  which  I 
usually  practise,  the  muscle  to  be  advanced  is  taken  up  with  a 
hook  having  an  eye  in  its  distal  portion.  In  this  eye  a  thread  is 
placed,  with  which  the  muscle  is  surrounded.  The  hook  is  with- 
drawn so  as  to  leave  the  thread  around  the  muscle,  which  is 
then  tied.  The  muscle  is  carefully  separated  from  the  conjunc- 
tiva and  connective  tissue  as  well  as  from  the  capsule.  After 
the  opponent  is  divided  the  separated  end  of  the  muscle  is  quilted 
under  the  conjunctiva  above,  just  at  the  situation  of  the  su- 
perior rectus,  and  below  at  that  of  the  inferior  rectus,  and 
attached.  The  conjunctival  wound  is  closed  by  a  suture,  and 
the  thread  surrounding  the  muscle  cut  off.  These  threads  may 
be  left  in  the  wound  indefinitely,  for  they  cause  no  irritation. 
Thev  should  be  black  in  color. 
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The  method  of  Dr.  Prince  (Indiana,  1886)  has  found  much 
favor  among  surgeons,  but  after  having  performed  the  operation 
several  times,  I  do  not  find  that  it  has  any  advantage  over  that 
of  Agnew,  while  it  consumes  more  time  in  its  performance.  In 
Prince's  operation,  what  the  author  terms  an  anchor  or  pulley 
suture,  is  first  introduced  into  the  tissue  one  millimetre  from  the 
corneal  margin.  The  conjunctiva  and  the  capsule  of  Tenon  are 
then  divided,  and  the  tendon  is  grasped  with  a  pair  of  forceps 
instead  of  a  hook.  The  tendon  is  then  separated  from  the  sclera. 
A  thread,  each  end  of  which  is  armed  with  a  needle,  is  then 
passed  from  beneath  the  rectus  muscle  through  the  capsule, 
muscle,  and  conjunctiva.  The  middle  portion  of  the  muscle  is 
thus  enclosed  in  a  loop.  The  tissues  held  by  the  forceps  are  now 
divided  ten  millimetres  anterior  to  the  loop  suture.  One  end  of 
this  is  now  turned  over  the  anchor  or  pulley  suture.  Both  ends 
of  the  former  are  brought  together  and  tied,  enclosing  the  latter 
in  a  loop  or  pulley.  Both  ends  of  the  double-armed  thread  are 
now  brought  together  in  a  surgical  knot.  According  as  they 
are  tightened  over  the  pulley,  the  cut  end  of  the  rectus  will  be 
advanced.  At  the  same  time  this  closes  the  wound  in  the  con- 
junctiva. A  bow-knot  is  first  tied,  as  traction  is  to  be  avoided 
during  the  operation.  This  knot  may  afterward  be  secured, 
and  its  effect  increased  or  diminished. 

Berry '  modifies  this  operation  by  running  the  pulley  suture 
in  and  out  two  or  three  times,  over  a  larger  extent  of  the  circum- 
corneal  conjunctival  tissue.  This  gives  it  a  better  hold.  The 
other  suture  is  passed  single  instead  of  double,  and  farther  back 
through  the  muscle  than  through  the  conjunctiva.  The  muscle 
must,  therefore,  be  first  treed  somewhat  in  Berry's  method. 
The  portion  of  tendon  grasped  by  the  advancement  forceps  is 
cut  off,  and  the  bow-knot  is  discarded  as  not  being  essential. 
Berry  performs  the  operation  without  an  anaesthetic.  The 
thread  is  pulled  sufficiently  tight  to  temporarily  exaggerate  the 
effect.  An  anaesthetic,  except  a  local  one,  cocaine,  is  not  nec- 
essary in  advancement,  if  the  operation  is  performed  on  persons 
having  a  fair  degree  of  self-control.  The  effect  should  always 
be  exaggerated,  if  possible,  at  the  time  of  the  operation  in  all 
advancements. 


1  "Diseases  of  the  Eye,"  Philadelphia,  1893,  p.  701  et  seq. 
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CANTHOTOMY— CANTHOPLASTY. 

",  the  angle  of  the  eye ;   re/ivu,  [cut.) 

Division  of  the  External  Canthus. —The  eyelids  being 
well  separated  by  a  speculum,  one  blade  of  a  pair  of  straight, 
strong  scissors  is  passed  behind  the  commissure  down  to  the 
bottom  of  the  cul  de  sac,  and  the  other  blade  in  front,  and  the 
commissure  divided  by  one  sharp  cut,  the  incision  being  exactly 
horizontal.  The  conjunctival  surfaces  of  the  wound,  are  then 
joined  to  the  cut  edges  of  the  skin  by  three  or  four  tine  sutures, 
one  above,  one  below,  and  one  at  the  outer  angle  being  usually 
sufficient.  After  making  the  first  incision  some  authorities 
recommend  that  the  upper  lid  be  put  on  the  stretch,  by  pulling 
it  toward  the  nose,  and  then  that  the  upper  canthal  ligament 
be  divided  by  a  nick  with  the  scissors  at  right  angles  to  the 
incision,  the  nick  being  made  about  two  inches  in  front  of 
the  temporal  border  of  the  orbit  (Agnew,  New  York).  A  simple 
incision  of  the  canthus,  without  sutures,  is  more  properly  called 
canthotomy. 

OPERATIONS   FOR    DISTICHIASIS   AND  TRICHIASIS. 

i  Entropion.) — -The  most  common  and  an  excellent  one  is  the 
Jaesche-Arlt  uJaesche,  Russia;  Arlt,  Vienna,  nineteenth  century) 
operation  or  a  modification  of  it.  A  horn  spatula  is  placed 
under  the  upper  lid,  and  by  traction  on  the  skin  the  edge  of  the 
lid  is  rolled  upward  and  outward.  An  incision  is  made  along 
the  edge  of  the  lid.  from  near  the  punctum  lachrymale  to  the 
outer  angle,  dividing  it  into  two  layers,  the  outer  containing 
the  cilia  and  their  bulbs,  the  inner  the  conjunctiva  and  car- 
tilage. The  incision  is  about  one-sixth  of  an  inch  deep.  A 
strip  of  skin  somewhat  crescentic  in  shape  is  then  excised  from 
just  above  the  margin  of  the  lid,  and  running  its  whole  length. 
The  edges  of  the  wound  are  united  by  sutures,  and  this  rolls  the 
anterior  lip  of  the  split  border,  containing  the  eyelashes,  outward. 
Sometimes  a  strip  of  orbicularis  muscle,  and  a  wedge-shaped 
piece  of  the  cartilage,  are  excised  with  the  fold  of  skin.  The 
bridge  of  skin  containing  the  lashes  is  sometimes  separated  from 

the  underlying  tissue,  so  that  it  can  be  moved  upward  and  so 
14' 
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transplanted  to  a  higher  point,  as  the  edges  of  the  wound  in  the 
integument  are  drawn  together.  A  canthoplasty  is  often  per- 
formed in  connection  with  the  splitting  of  the  lids.  Other 
operations  are  also  done  for  this  deformity.     The  operations  for 


Fig.  111.— Jaesche-Arlt  Opera- 
tion (Insertion  of  Spatula). 


Fig.  112.—  Jaesche-Arlt  Operation  (Sep- 
aration of  Cartilage). 


ectropion  are  numerous,  and  vary  with  the  special  requirements 
of  the  case. 

The  latest  and  perhaps  the  best  modifications  of  the  Jaesche- 
Arlt  operation  consist  essentially  of,  first,  an  incision  through 
the  conjunctiva,  just  back  of  the  cilia,  well  down  to  the  carti- 
lage; second,  excision  of  a  narrow  bit  of  integument;  third,  the 
insertion  of  deep  sutures  from  the  conjunctival  side  (John 
Green,  St.  Louis;  Hotz,  Chicago). 

In  performing  this  operation,  I  employ  only  a  spatula  and 
the  necessary  knives  and  scissors.     A  Beer's  cataract  knife  is 

extremely  well 
adapted    to    split- 
ting  the   lid,    and 
cutting   out    the 
skin,  but  of  course 
an  ordinary  scalpel 
•    will  do  very  well. 
Distichiasis  and  trichiasis  are  often  defined  as  conditions  in 
which  the  lashes  only  turn  inward,  while  the  surface  of  the  lid 
is  in  a  normal  position  (Stellwag,  Vienna,  nineteenth  century). 


MEYROW.IZ. 


Fig.  113.— Sands'  Needle-Holder. 
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••1  1 


As  a  matter  of  fact,  these  conditions  are  usually  associated  with 
true  entropion,  and  hence  the  difficulties  in  obtaining  a  good 
result  are  very  great.  When  only  a  small  part  of  the  ciliary 
border  is  involved,  that  is,  only  a 
few  hairs  turn  in,  the  Jaesche-Arlt 
operation  may  be  performed,  but 
in  a  circumscribed  form  as  shown 
inthe  figures. 

In  Fig.  1 14  the  lid  is  split  with  an 
iridectomy  knife,  and  the  affected 
cilia  are  removed  entirely.  This  may 
be  performed  as  a  supplementary 
operation  when  a  previous  one  has 
left  some  cilia  still  turning  inward. 

The  destruction  of  the  hair- bulbs 
by  electricity  will  be  discussed  in  the  section  devoted  to  this  subject. 

The  treatment  and  operation  for  true  or  complete  entropion, 
that  is  to  say,  when  the  whole  lid  turns  outward,  will  be  discussed 
under  the  Consequences  of  Conjunctivitis,  and  Blepharospasm. 


Fig.  114. 


-Operation  for  Partial 
Trichiasis. 


OPERATIONS   FOR  ECTROPION. 
(inrpoKT],  a  turning  from.) 

A  slight  turning  out   of   the   lower  eyelid   especially  may 
often  be  corrected  by  simply  cutting  out  a  triangular  piece  of 

the  lid  and  uniting  the  gap  by 
sutures.  More  extensive  in- 
versions will  require  more  im- 
portant operations,  the  nature 
§|,.  of  which  can  only  be  deter- 
mined by  the  individual  case. 
Narrowing  of  the  palpebral 
fissure  does  good  service  for 
some  cases.  The  surfaces  of 
the  edges  of  one  or  both  canthi 
are  freshened,  without  involv- 
ing the  cilia,  and  united  by 
suture.  But  the  simple  narrowing  of  the  palpebral  fissure  is 
insufficient,  in  cases  with  elongation  of  the  free  margin  with 
stretching  and  relaxation  of  the  fibro-cartilage. 


Fig.  115.— Ectropion. 
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Fig.  116. 


For  such  cases  the  following  operation  may  be  performed : 
The  lids  are  closed,  and  the  lower  one  is  brought  into  proper  posi- 
tion, then  the  border  is  put  slightly  on  the  stretch  horizontally. 
We  should  then  mark    with    ink,    in  a  vertical  line,  the  two 

points  of  both  edges  of  the  lids, 
when  both  lid  margins  fit  each 
other,  when  they  are  in  a  nor- 
mal position.  While  the  lids 
are  kept  in  this  position,  the  in- 
tegument over  the  outer  canthus 
is  lifted  up  in  a  horizontal  fold, 
and  as  much  of  the  skin  of  the 
lower  lid,  as  is  necessary  to  bring 
it  into  a  normal  position,  is  very 
gradually  fastened  between  the 
fingers.  Then  the  excision  of 
the  portion  of  integument  be- 
tween the  described  boundaries  is  begun  where  it  is  indicated  by 
two  lines  parallel  to  the  edge  of  the  lid. 

A  spatula  (see  Fig.  112)  is  pushed  under  the  outer  canthus. 
It  is  lifted  away  from  the  globe,  and  split  into  two  layers  with 
a  Beer's  knife.  The  wound  on  each  side  is  enlarged  with  a 
scalpel  or  scissors.  The  margins  of  the  lids  are  then  freshened 
inward  from  the  vertical  boundary  line  for  one -half  to  three- 
quarters  of  a  line.  The  whole  breadth  of  this  incision  falls  be- 
hind the  lashes.  The  lower  bor- 
der of  the  lid  is  now  cut  through 
in  the  vertical  boundary  line, 
down  to  the  cartilage,  and  the 
incision  extended  until  the  hori- 
zontal line  has  been  reached. 
The  knife  is  then  carried  on 
parallel  to  the  margin  of  the  lid, 
and  beyond  the  canthus  is  turned 
upward  in  the  shape  of  an  arch 
(see  Fig.  116).  The  upper  lid  is  treated  in  the  same  way.  The 
integument  is  then  dissected  up  and  the  wound  closed  by  three 
or  four  sutures  ( Ammon,  Graef e) . ' 

1  Stellwag  :    English  translation  by  Koosa,  Hackley,  and  Bull,  p.  481. 


Operation  for  Ectropion  (Second 
Stage). 
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Fig.  118.— Operation  for 
Ectropion. 


Another  operation  is  the  following.  The  lid  is  first  split 
from  the  lachrymal  puncture  to  the  outer  canthus.  Two  verti- 
cal incisions,  from  8  to  10  lines  long,  are  then  made  through 
the  integument.  The  quadrangular 
flap  thus  formed  is  then  separated.  It 
is  then  drawn  up  tightly,  and  united 
to  the  lateral  incisions  by  sutures,  be- 
ginning from  below  upward. 

In  order  to  correct  the  lengthening 
of  the  margin  of  the  lid,  the  flap  is  sup- 
ported by  an  incision,  Fig.  1 18,  a,  which 
unites  the  inner  with  the  horizontal 
edge  of  the  flap.  The  intermarginal 
edge  is  also  united  by  sutures.  A 
bandage  is  then  applied. 

This  operation  is  especially  effective  when  the  free  border  of 
the  lid  in  much  distorted,  and  when  the  conjunctiva  is  drawn 

over  the  anterior  surface  of 
the  tarsal  cartilage.  After- 
ward an  operation  upon  the 
angle  of  the  lids  may  also  be 
required  (Graefe).1 

A  plastic  operation  by 
which  a  triangular  flap  of 
integument  is  formed,  is  also 
sometimes  useful.  This  is 
called  Samson's  operation. 
It  is  effectual  when  the 
margin  of  the  lid  is  merely 
lengthened,  without  being 
changed  in  shape.  The  flap 
is  formed  by  two  straight 
incisions  of  the  integument, 
a  spatula  being  under  the  lid. 
The  flap  is  made  to  in- 
clude all  the  shrunken  portion  of  the  skin,  if  possible.  When 
the  flap  is  dissected  up,  the  lid  is  easily  brought  into  a  correct 


Fig.  119.— Operation  for  Ectropion. 


1  Stellwag,  loc.  cit. ,  p.  483. 
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Fig.  120.— Samson's  Operation. 


position.     The   flap  will,   however,   cover   only   a   part   of  the 

wound.     There  will  remain  a  portion  uncovered  like  a  pointed 

arrow-head.  This  is  covered  by  drawing  the  edge  of  the  con- 
tiguous integument  together. 
The  outer  borders  of  the  vertex 
of  the  incision  are  first  united 
by  suture,  then  the  remainder. ' 
A  small  and  deep  cicatrix 
in  a  lid,  causing  ectropion,  may 
be  cut  out  and  the  ectropion 
thus  cured.  In  such  cases  a 
crescentic  incision  is  made, 
parallel  to  the  edge  of  the  lid. 
If  a  large  portion  of  the  lid  be 
involved  in  the  cicatrix,  the 
cicatricial    tissue  may   be    cut 

out  and  a  flap  be  transplanted  from  the  adjacent  integument. 

In  all  such  plastic  operations,  it  is  of  the  highest  importance  to 

take  the  flap  from 

healthy     skin,    and 

that   a    well  -  nour- 

i  s  h  e  d     bridge     of 

tissue    be    secured. 

The  method  of  op- 
eration    will     vary 

much  in  individual 

cases,   according   to 

its    character     and 

the  ingenuity  of  the 

surgeon. 

Fig.  121  is  from 

one  of  Arlt's  cases, 

quoted  by  Stellwag. 
1.     The  cicatrix 

was    first    included 

in  two  curved  and  oblique  incisions.     After  the  cicatrix  was  dis- 
sected out,  the  wound  was  closed  by  the  flap  A.     This  was  taken 


^m^jf 


Fig.  131.— Plastr'  Operation    (Aklt's). 


1  Stellwag.  loc.  cit. 
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from  the  antero- temporal  region,  and  has  an  oblique  axis.  The 
anterior  boundary  line  of  this  flap  was  united  with  the  lower  bor- 
der of  the  incision  in  the  lid  while  the  posterior  incision  diverged 
somewhat,  and  ended  under  the  level  of  the  upper  border  of  the 
surface  of  the  incision  in  the  lid.  The  cicatrix  was  then  sepa- 
rated up  to  the  inner  border  of  the  flap,  which  was  turned  upon 
the  surface  of  the  wound  and  united  by  sutures. 

When  the  cicatrix  causing  the  ectropion  is  small,  it  may  be 
circumscribed  by  two  elliptical  incisions,  the  sides  of  which  are 
to  be  as  nearly  as  possible  perpendicular  to  the  border  of  the  lid 
(Fig.  118,  a).  The  surface  of  the  cicatricial  tissue  is  then  fresh- 
ened, the  adjacent  integument  and  fat  well  separated  from  the 
bone,  so  that  the  lid  may  be  brought  into  a  normal  position, 
without  stretching.  The  edges  of  the  elliptical  incision  are  then 
united  by  a  suture,  so  that  the  whole  cicatrix  is  covered  over 
by  the  adjacent  integument,  and  united  to  its  posterior  surface. 

In  broad  adhesions,  an  incision  is  made  parallel  to  the  orbital 
margin,  down  to  the  bone,  so  that  the  skin  and  cicatrix  may 
be  well  separated,  subcutaneously,  from  the  layer  beneath,  and 
the  lid  brought  to  its  normal  position.  The  palpebral  fissure 
is  then  narrowed  to  the  extent  of  a  third  or  more  by  freshen- 
ing its  edges,  and  uniting  them  by  suture.  After  the  wound 
has  completely  united,  and  danger  of  shrinking  has  passed, 
the  palpebral  fissure  may  again  be  enlarged.  Both  of  these 
methods  of  operation  were  described  by  Ammon  (Berlin,  1842), 
in  his  treatise  on  "Plastic  Surgery,"  and  given  by  Stellwag.1 

AFTER-TREATMENT   OF   PLASTIC   OPERATIONS. 

I  do  not  advise  the  use  of  iodoform  or  solutions  of  corrosive 
chloride  of  mercury  after  plastic  operations,  but  a  dry  dressing 
of  absorbent  cotton,  to  keep  the  parts  well  protected,  and  then  a 
well-applied  flannel  bandage.  The  sutures  maybe  reinforced  by 
adhesive  plaster,  if  any  suspicion  of  undue  tension  exist.  The 
bandage  should  not  be  reapplied,  or  at  least  the  dressing,  for 
some  four  days,  unless  there  is  positive  evidence  that  healing  by 
first  intention  is  not  going  on  properly.     The  thermometer  here, 

1  Loc.  cit. ,  p.  486. 
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as  in  operations  for  cataract  extraction,  if  carefully  noted,  will 
assist  in  determining  how  the  healing  is  progressing. 

WOLFE'S  METHOD. 

Skin-grafting,  of  which  general  surgeons  make  so  much  use, 
since  its  introduction  as  a  procedure  for  covering  large  cicatrices, 
by  Eeverdin,  has  also  been  availed  of  by  ophthalmic  surgeons, 
in  ectropion  caused  by  cicatrices.  When  there  is  no  healthy 
skin  in  the  immediate  neighborhood,  the  plan  of  the  Italian 
surgeon,  Gasparo  Tagliacozzi  (Bologna,  1579),  of  taking  a  flap 
from  the  arm,  and  binding  the  arm  in  the  part  desired,  the 
pedicle  being  always  attached,  may  be  employed. 2  It  is  said  that 
it  is  usually  not  necessary  to  keep  the  arm  in  this  position  more 
than  forty-eight  hours,  but  forty-eight  hours  is  an  interminable 
period  to  an  ordinary  patient.  It  requires  great  will-power  and 
strength  of  character,  to  cause  a  patient  to  submit  to  such  a  pro- 
cedure. This  method  is,  however,  still  practised,  and  with  good 
results.  Dr.  Eichard  H.  Derby 2  reports  a  striking  case  of 
success. 

Mr.  Wolfe  (Glasgow,  1ST 5)  has  done  much  to  introduce  the 
method  of  transporting  a  very  thin  piece  of  skin  from  a  remote 
part,  and  applying  it  to  the  cicatrix.  This  method  has  been 
only  moderately  successful  in  my  hands.  There  are  also  many 
criticisms  made  upon  Wolfe's  method  by  Koyes  and  others. 
Noyes 3  says  that  it  has  become  comparatively  unsuccessful  in 
his  practice,  and  he  has  had  a  great  many  failures  which  were 
so  nearly  complete  that,  while  he  continues  to  employ  it  as 
the  first  method  in  some  instances,  he  is  by  no  means  enthusi- 
astic about  the  ultimate  issue.  Dr.  Carmalt  (New  Haven)  in  a 
discussion  upon  this  subject,  occurring  at  the  meeting  of  the 
ophthalmological  society  where  the  operation  was  considered, 
states  that  the  ultimate  result  of  a  Wolfe  transplantation  is  not 
to  be  determined  in  a  few  months.  Dr.  Carmalt,  as  a  general 
surgeon,  has  tried  the  operation  in  many  other  parts  of  the  body 

1  It  is  even  said  that  the  Italian  surgeons  of  four  hundred  years  ago.  took 
flaps  from  another  individual  and  bound  him  to  the  patient. 

*  Transactions  of  the  American  Ophthalmological  Society,  1885,  p.  141. 
3  Transactions  of  the  American  Ophthalmological  Society.  1893,  p.  601. 
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besides  the  eyelids,  and  has  found  that  the  process  of  atrophy  or 
absorption  will  go  on  for  several  months,  with  most  disappoint- 
ing results.  Flaps  which,  at  the  completion  of  the  healing, 
seemed  to  be  perfectly  adapted  all  around,  would  subsequently 
shrivel  away  into  almost  nothing.  This  he  says  has  occurred 
chiefly  in  the  deformities  produced  by  deep  burns,  where  the 
resulting  cicatrix  has,  by  contraction,  rendered  a  limb  more  or 
less  useless.  When  he  had  dissected  out  the  scar,  and  supplied 
the  gap  with  fresh  and  healthy  skin,  although  the  first  effect 
might  be  very  promising,  at  the  end  of  two  years,  more  or  less, 
the  result  had  been  so  unsatisfactory  that  the  contraction  would 
return  to  nearly,  if  not  quite,  the  original  condition. 

Dr.  Lucien  Howe,  while  he  admitted  that  a  considerable  con- 
traction occurred,  confessed  that  it  was  new  to  him  that  the 
entire  flap  had  been  absorbed.  In  one  case  of  his,  the  deformity 
had  not  materially  increased  in  two  years. 

Dr.  Reeve,  of  Toronto,  thought  the  result  depended  somewhat 
on  the  length  of  time  which  the  lids  are  kept  closed.  He  believes 
it  important  to  keep  the  lids  closed  for  some  time.  Very  good  re- 
sults are  obtained  in  some  cases  of  difficulty  with  the  upper  lid, 
by  taking  a  pedicle-flap  from  immediately  below  the  lower 
lid.  Dr.  Knapp  is  in  the  habit  of  replacing  injuries  in  the  upper 
lid  by  flaps  from  below,  and  Dr.  St.  John,  of  Hartford,  Conn., 
reports  excellent  results  from  this.  Dr.  Richard  H.  Derby '  re- 
ports a  remarkable  case,  when  after  extensive  gangrene  of  the 
lids,  there  was  such  a  subsequent  spontaneous  restoration  of  tis- 
sue as  to  almost  remove  the  deformity,  or  at  least  to  reduce  it 
as  much  as  many  successful  plastic  operations. 

It  will  thus  be  seen  that  either  in  the  old  method  or  that  of 
Dieffenbach,  a  good  deal  is  left  to  the  ingenuity  of  the  individual 
surgeon,  and  the  result  in  eyelids,  as  in  plastic  surgery  every- 
where, cannot  be  certainly  predicted.  Each  case  must  be  worked 
out  by  itself.  Substantial  advance  has  been  made.  The  Wolfe 
method  is  sufficiently  successful  to  warrant  its  being  tried,  as 
Dr.  Noyes  suggests,  in  the  first  instance,  in  cases  where  it  is 
not  essential  to  get  a  flap  with  a  pedicle  from  a  neighboring 
part,  or  where  the  patient  will  not  submit  to  the  terrible  distress 
of  having  the  arm  bound  to  the  eye  for  forty-eight  hours. 

1  Loc.  cit. ,  1884,  p.  644. 
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SKIN-GRAFTING. 

By  this  term  is  meant  the  application  of  very  small  pieces 
of  the  outer  layers  of  healthy  skin  to  the  granulating  surface. 
Since  the  method  was  proposed  in  1869,  it  has  been  extensively 
employed  in  various  parts  of  the  body,  even  the  membrana 
tympani,  in  very  rare  cases,  having  been  replaced  by  this  opera- 
tion (Ely,  Eoosa).  The  part  to  be  covered  is  to  be  most  carefully 
cleansed,  say  with  a  bichloride  or  carbolic  acid  solution,  as  well 
as  the  surface  from  which  the  grafts  are  to  be  taken .  A  minute 
piece  of  skin  from  the  cleansed  surface,  which  must  be  entirely 
free  from  hairs,  is  then  seized  with  a  pair  of  fine  forceps  and 
snipped  off  with  a  pair  of  fine  scissors,  curved  on  the  flat.  Very 
small,  single-tooth  forceps  must  be  used  for  this  purpose. 
Eeverdin  used  a  needle  to  lift  up  the  epidermis,  and  shaved  the 
graft  off  with  a  thin,  sharp  scalpel.  I  have  always  used  forceps 
and  scissors.  The  piece  to  be  removed  is  about  the  size  of  the 
head  of  an  ordinary  pin.  If  it  is  larger,  it  should  be  made 
smaller  and  cut  into  two  or  four  pieces,  all  of  which  are  to  be 
carefully  disinfected.  The  epidermic  layer  of  the  skin  only 
should  be  taken.  The  cut  surface  should  not  bleed,  but  should 
show  the  blood-vessels.  The  little  piece  is  placed  at  once  on  the 
granulating  surface,  in  the  position  removed,  it  being  pressed 
down  gently,  cut  surface  downward,  with  just  enough  firmness 
to  allow  it  to  adhere,  but  the  granulation  should  not  be  allowed 
to  bleed.  The  grafts  are  best  applied  along  the  edge  of  the 
cicatrix,  but  if  it  be  not  too  large,  they  may  be  arranged  in  a 
series  of  parallel  rows  across  it,  or  a  bridge  may  be  made. 
After  the  grafts  have  been  inserted,  a  piece  of  thin  gutta- 
percha protective,  previously  placed  in  an  antiseptic  solution 
for  twenty  minutes,  is  laid  over  the  grafts.  This  is  covered 
by  a  layer  of  absorbent  cotton,  and  the  whole  kept  in  place  by 
a  roller  of  gauze  bandage.  This  dressing  should  not  be  disturbed 
for  about  three  days,  when  the  coverings,  down  to  the  protec- 
tive, may  be  taken  off  to  see  if  there  is  any  considerable  amount 
of  pus  secreted.  If  pus  has  formed  and  dried,  it  is  to  be  care- 
fully washed  off.  This  is  best  done  with  a  syringe  or  the  like, 
but  the  surface  must  not  be  wiped.     If  there  are  evidences  of 
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healing,  new  dressings  may  be  applied.  But  if  a  considerable 
suppuration  has  occurred,  the  guttapercha  is  to  be  removed, 
and  the  pas  carefully  washed  off  with  an  antiseptic  solution. 
This  process  is  to  be  repeated  every  three  days  until  thorough 
union  has  occurred.  Grafts  from  a  dead  body,  that  is,  six  hours 
after  death,  have  also  been  used  with  success.1  Dr.  Brewer,' 
of  Norwich.  Conn.,  found  that  thirty-six  hours  was  the  limit  of 
skin  vitality.  Skin-grafting  was  intended  to  be  applied  chiefly 
to  ulcers,  but  it  has  been  widened  in  its  applicability  to  cica-. 
trices  on  the  eyelids. 

ENUCLEATION   OR    EXCISION   OF  THE  EYEBALL. 
(Bonnet,  Paris,  1841.) 

The  patient  being  under  the  influence  of  a  general  anaes- 
thetic,  a  spring  speculum  is  introduced.     The  conjunctiva    is. 


Fig.  122.— Enucleation  Scissors. 

then  seized  with  the  forceps  exactly  as  in  an  operation  for  con- 
vergent strabismus,  over  the  insertion  of  the  internal  rectus, 
that  muscle  taken  up  by  a  hook  and  separated  with  scissors 
curved  on  the  flat. 

The  conjunctiva  is  then  divided  all  about  the  margin  of  the 
cornea.     The  tendons  of  the  remaining  muscles  are  picked  up. 

A  fuller  account  of  skiu  grafting  may  be  found  in  the  "Reference  Hand- 
Book  of  the  Medical  Sciences,"  vol.  vi.,  article  by  W.  H.  Carmalt,  while  in  the 
records  of  general  surgery  much  may  be  found  to  interest  the  reader  of  this  im- 
portant subject.  SeeMcBurney,  Medical  Record.  Oct.  25th,  1890  ;  Reports  of  the 
Now  York  Eye  and  Ear  Infirmary.  1892,  J.  E.  Weeks. 

Medical  Record,  vol.  xxi.,  p.  488.  May  6th,  1882. 
3  J.  H.  Girdner,  Medical  Record,  vol.  sx,  p.  119,  July  30th.  1881. 
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successively  by  the  strabismus  hook,  and  divided  close  to  the 
sclera.  The  eyeball  is  then  drawn  over  to  one  side  by  forceps,  and 
strong  scissors  (with  a  concavity  toward  the  eyeball)  are  passed 
back  along  its  surface  to  the  optic  nerve.  The  blades  are  then 
opened,  and  made  to  divide  the  nerve  close  to  the  sclerotic. 
Usually  the  hemorrhage  is  slight,  and  is  easily  controlled  by 
pressing  a  sponge  for  a  short  time  upon  the  bleeding  points. 
When  it  has  ceased,  the  lids  are  closed,  and  cold  cloths  applied. 
Packing  the  orbit  with  sponges,  ice,  and  so  forth,  are  usually 
needless  and  painful  procedures.  A  compress  bandage  is  useful 
where  there  is  a  tendency  to  great  swelling  and  ecchymosis  of 
the  lids. 

If  the  operation  for  enucleation  of  the  eyeball,  be  performed 
in  a  hospital,  where  there  are  trained  nurses  and  a  house  sur- 
geon, it  will  be  very  rarely  necessary  to  apply  a  bandage  on 
account  of  the  danger  of  hemorrhage,  but  if  it  be  performed 
under  circumstances  that  prevent  there  being  skilled  assistance 
close  at  hand,  should  bleeding  occur  it  will  be  important  to 
apply  a  pressure  bandage  for  twelve  hours  or  more.  After  some 
considerable  comparative  experience,  had  for  the  purpose  of 
determining  this  point,  I  am  unable  to  say  that  the  applica- 
tion of  a  bandage  lessens  the  ecchymosis  and  discoloration  that 
generally  occur  after  the  operation.  Patients  are  usually  able 
to  leave  their  room  in  about  three  days  after  the  operation, 
and  the  house  in  a  week.  Surgical  anaesthesia  is  to  be  pre- 
ferred to  local  anaesthesia,  from  cocaine,  although  if  from  any 
reason  it  be  important  to  dispense  with  ether,  injections  of 
cocaine  in  the  connective  tissue  of  the  orbit,  will  be  sufficient  to 
make  the  pain  at  least  endurable,  although  such  an  operation 
without  general  anaesthesia  must  involve  great  nervous  shock 
to  most  patients. 

As  is  well  known,  the  laity  in  some  quarters  believe  that  an 
eye  may  be  wholly  removed  from  the  orbit,  and  then  replaced  in 
a  sound  condition.  In  one  instance  in  my  practice,  much  to  my 
astonishment,  the  friend  of  a  patient  from  whom  I  had  just 
removed  an  eyeball,  insisted  upon  my  putting  it  back  again, 
alleging  that  it  had  been  understood  that  it  was  to  be  replaced, 
after  the  foreign  body  on  account  of  which  it  had  been  excised 
Was  taken  out. 


ARTIFICIAL    EYES. 
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Serious  inflammation,  erysipelatous  in  form,  may  occur  after 
an  enucleation  of  the  eyeball,  but  is  very  uncommon.  I  have 
seen  symblepharon  result  from  the  neglect  of  the  attendants  to 
thoroughly  open  the  eye,  for  cleansing  purposes,  every  day  after 
the  first  twenty-four  hours  subsequent  to  the  operation. 

By  this  operation,  the  orbital  tissue  and  muscles  are  left  be- 
hind to  form  a  good  movable  stump  for  an  artificial  eye.  In 
certain  conditions,  as  of  malignant  disease,  a  considerable  piece 
of  the  optic  nerve  is  sometimes  excised  with  the  eyeball.  A 
suture  is  sometimes  used  to  close  the  conjunctiva  (Argyll- 
Robertson,  Edinburgh,  1871). 

ARTIFICIAL  EYES. 

Artificial  eyes  may  be  worn  after  the  wound  has  cicatrized 
and  all  irritation  ceased.     It  is  best  to  begin  to  fit  them  in  a 


Fig.  123. — Artificial  Eyes. 

few  days,  say  seven,  after  the  enucleation,  so  as  to  prevent  the 
contraction  of  the  orbital  cavity,  and  to  give  it  a  good  shape. 
Patients  find  their  early  use  better  than  waiting,  since  they 
keep  the  lids  apart.  They  should  be  worn  at  short  intervals  at 
first,  until  the  parts  become  used  to  the  foreign  body.  If  sym- 
pathetic trouble  has  existed  in  the  other  eye,  extra  caution  should 
be  used  lest  the  artificial  eye  be  worn  too  continuously.  They 
should  not  be  worn  too  long  without  renewal,  as  they  become 
rough  and  irritating.  They  often  give  rise  to  severe  conjunc- 
tivitis of  the  stump,  and  possibly  to  sympathetic  irritation  of  the 
other  eye.  Shells  are  made  to  be  worn  over  shrunken  eyeballs, 
where  no  enucleation  is  performed. 

As  a  general  rule,    it    is  better  to  remove  such  shrivelled 
stumps,  but  if  absolutely  no  irritation  is  caused  by  them,  enu- 
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cleation  need  not  be  performed,  although  it  is  then  justifiable  if 
an  artificial  eye  cannot  be  worn  over  the  stump,  or  if  the  patient 
desires  it  on  account  of  the  appearance. 

OPTICO  CILIARY   NEUROTOMY" 

(Von  Graefe,  Boucheron,  Schoeler)  is  an  operation  which  has 
been  developed  since  1867,  as  a  substitute  for  enucleation,  in 
sympathetic  ophthalmia,  and  in  other  cases  where  it  is  spe- 
cially desired  to  save  the  eyeball.  It  consists  in  the  division  of 
the  optic  and  ciliary  nerves,  by  a  pair  of-  curved  scissors  passed 
backward  through  an  opening  made  in  the  conjunctiva.  It 
is  customary  to  divide  one  of  the  recti  muscles  to  make  room 
for  the  dissection  (although  this  is  not  necessary),  and  its  cut 
ends  are  reunited  by  sutures  after  the  nerves  have  been  divided. 
The  operation  has  not  proved  to  be  a  good  substitute  for  enu- 
cleation. As  matters  now  stand,  the  consensus  of  professional 
opinion  is  still  for  enucleation  as  the  only  means  of  preventing 
sympathetic  ophthalmia. 

Some  operations  not  described  in  this  chapter,  will  be  found 
in  other  parts  of  the  book,  in  the  description  of  the  diseases  for 
which  they  are  performed. 

LIGHT   FOR   OPERATORS. 

On  dark  days,  especially  frequent  in  northern  climates,  the 
ophthalmic  surgeon  is  often  compelled  to  operate  by  artificial 
light.  For  certain  operations,  such  as  needling  of  membranous 
cataracts,  iridectomies,  and  cataract  extraction,  a  good  light  is 
absolutely  essential.  When  electric  light  can  be  obtained,  the 
best  possible  is  had.  But  one  often  does  well  with  concentrated 
gas-light,  lamp-light,  and  very  well  indeed  with  the  light  of  a 
candle  in  Priestly  Smith's  lamp,  figured  in  the  chapter  on  Ex- 
amination. 

AFTER-TREATMENT. 

This  will  also  be  fully  discussed  later.  It  is  sufficient  to  re- 
mark here,  that  the  after-treatment  of  operative  cases  requires 
special  attention  and  study.  After  the  principal  operations  upon 
the  eyeball,  it  is  customary  to  use  atropine  or  eserine,  according  to 
indications,  to  apply  compress  bandages  over  both  eyes,  and  to 
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keep  the  patient  quiet  with  more  or  less  seclusion  from  light. 
When  it  is  desirable  to  keep  the  eye  closed  for  several  days,  the 
surgeon  can  judge  of  its  condition,  to  a  certain  extent,  from  the 
appearance  of  the  lids.  If  the  lids  are  red,  swollen,  and  oede- 
matous,  this  may  be  regarded  as  an  unfavorable  indication  as 
to  the  state  of  the  parts  beneath.  A  purulent  discharge  is  a  very 
bad  indication,  but  there  may  be,  in  such  cases,  considerable 
blennorrhcea  that  does  not  invade  even  a  corneal  wound.  If 
severe  inflammatory  reaction  occurs,  antiphlogistic  treatment  by 
leeches,  iced  cloths,  and  so  forth,  is  employed.  The  operations 
on  the  lids,  muscles,  tear-passages,  etc. ,  usually  require  nothing 
more  than  a  cold-water  dressing,  and  often  not  even  that. 

Cocaine  ranks  perhaps  next  to  atropine  in  subduing  the  pain 
from  iritis  and  keratitis,  traumatic  or  idiopathic,  and  is  often 
used  in  combination  with  the  latter. 


ANAESTHETICS   IN   OPERATIONS. 

For  operations  for  cataract,  cocaine  is  almost  universally  used. 
A  solution  of  eight  grains  to  the  ounce  is  sufficiently  strong. 
It  is  used  from  fifteen  minutes  to  a  half-hour  before  the  oper- 
ation, dropping  it  freely  on  the  cornea  every  three  to  five 
minutes.  The  eye  should  be  kept  closed  between  the  time  of 
instillations,  lest  the  epithelium  of  the  cornea  be  removed  by 
the  cocaine.  Cases  of  ulceration  of  the  cornea,  resulting  from 
its  use,  have  been  reported,  but  such  an  occurrence  is  very  rare, 
and  need  not  be  anticipated,  if  this  precaution  be  observed. 
The  only  disadvantage  I  have  ever  seen  from  the  use  of  cocaine 
on  the  cornea  as  a  local  anaesthetic,  is  that  it  sometimes  so  be- 
numbs the  eye  that  the  patients  are  incapable  of  moving  it  up 
or  down,  out  or  in,  in  response  to  the  directions  of  the  surgeon 
during  an  operation,  or  to  shut  it  well  just  after.  In  these 
cases,  it  is  probable  that  the  anaesthetic  has  been  used  for  too 
long  a  time  before  the  operation  is  actually  begun.  In  iridec- 
tomy for  an  artificial  pupil,  or  for  chronic  glaucoma,  cocaine  is 
as  efficient  as  in  cataract  operations.  But  in  acute  glaucoma, 
its  use  by  instillation  is  not  sufficient  to  still  the  pain  from  cut- 
ting off  the  iris.  Even  when  a  cocaine  solution  is  dropped 
directly  upon  the  iris  in  the  anterior  chamber,  danger  to  the 


224  SURGICAL   OPERATIONS   ON   THE   EYE. 

eye  may  result  from  the  violent  starting  of  the  patient,  when 
the  scissors  are  being  used,  in  such  cases,  or  when  the  eyeball  is 
generally  inflamed.  General  anaesthesia  or  subconjunctival 
injections  of  cocaine  should  be  employed.  Of  late  Dr.  Frank  N. 
Lewis  has  employed  cocaine  compresses  with  advantage.  I 
have  had  very  little  experience  with  subconjunctival  injections 
of  cocaine,  but  they  are  recommended  by  Koller,  when  instilla- 
tions are  not  sufficient. 

Roller's  methods  for  producing  local  anaesthesia  are  as  fol- 
lows: After  having  rendered  the  conjunctiva  anaesthetic  by 
instillation  of  a  four-per-cent  solution,  the  speculum  is  inserted 
and  by  means  of  forceps  a  fold  of  the  conjunctiva  over  the  tendon 
to  be  operated  upon  is  seized.  The  needle  of  a  hypodermic 
syringe  is  thrust  through  this  fold  into  the  subconjunctival 
tissue  as  deep  as  possible,  and  a  few  drops  of  a  two-per-cent 
solution  of  cocaine  are  injected.  Dr.  Koller  considers  two- 
thirds  of  a  grain  as  the  utmost  limit  for  adults  that  can  safely 
be  applied  as  an  injection,  if  the  seat  of  the  injection  is  on  the 
head,  while  on  the  limbus  a  double  amount  may  be  allowed. 
But  Koller  advises  to  keep  a  good  way  within  this  limit. 
Solutions  of  even  one  per  cent,  according  to  him,  are  entirely 
satisfactory,  if  the  solution  is  well  distributed  over  the  field  of 
operation.  After  the  injection  of  the  solution,  the  speculum  is 
removed,  and  the  eyes  closed,  so  that  the  artificial  oedema  of 
the  conjunctiva  may  be  given  time  to  disappear.  It  will  disap- 
pear in  about  five  minutes,  by  a  little  rubbing.  Koller  be- 
lieves that  operations  on  the  muscles  can  be  performed  in  this 
way,  without  the  slightest  pain.  Professor  Snellen,  of  Utrecht,1 
also  uses  subconjunctival  injections  for  cataract  operations. 

In  an  operation  for  strabismus  on  persons  more  than  ten 
years  of  age  or  thereabouts,  I  find  cocaine  an  adequate  anaes- 
thetic, although  it  must  be  admitted  that  some  pain  occurs, 
even  with  thorough  instillations,  when  the  muscle  is  taken  up 
on  the  hook.  Yet  in  moderately  plucky  persons,  it  is  better  to 
cause  them  to  endure  this,  rather  than  to  subject  them  to  the 
nausea  incident  to  the  use  of  ether.  Young  children  should  be 
anaesthetized  with  sulphuric  ether,  even  if  the  pain  may  be 
almost  removed  by  the  cocaine  instillations.     The  sight  of  the 

1  Transactions  American  Ophthalmological  Society,  1892,  p.  42. 
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instruments  frightens  such  patients  very  much,  making  them 
entirely  intractable  under  cocaine,  whether  instilled  or  injected 
under  the  conjunctiva.  One  of  my  first  operations  for  strabis- 
mus with  cocaine  on  an  adult,  who  had  declined  an  operation 
until  the  use  of  cocaine  was  known,  was  followed  by  an  un- 
pleasant experience,  which  happily  did  not  last  long.  The 
patient  was  found  to  be  hemiplegic  immediately  after  the  oper- 
ation was  finished,  but  he  remained  so  but  a  few  hours,  when 
he  became  perfectly  well  again.  He  was  a  man  of  about  twenty- 
three  years  of  age,  of  a  highly  nervous  temperament. 

Enucleation  of  an  eyeball  is  to  be  performed  under  general 
anaesthesia,  unless  under  entirely  exceptional  circumstances. 
Some  surgeons  use  subconjunctival  injections  of  solutions  of 
cocaine,  and  injections  into  the  cellular  tissue,  and  are  satisfied 
with  the  results.  Dr.  F.  M.  Wilson,  of  Bridgeport,  writes  me 
as  follows :  For  tarsal  tumors  that  may  be  removed  through 
the  conjunctiva,  cocaine  is  entirely  satisfactory.  For  tumors 
of  the  lids  which  must  be  removed  through  the  integument, 
cocaine  is  not  very  satisfactory,  except  when  injected  into  the 
tumor,  or  the  connective  tissue  about  the  growth.  If  the 
tumor  be  large,  it  might  be  much  better  to  resort  to  general 
anaesthesia.  In  saturated  solution  cocaine  is  of  limited  value. 
It  is  of  some  service  when  injected  into  the  canaliculus  through 
the  punctum,  but  this  is  almost  as  disagreeable  a  process  as 
slitting  it  up.  In  the  vast  majority  of  instances,  this  operation 
may  be  well  borne  without  an  anaesthetic. 

For  the  removal  of  foreign  bodies  from  the  cornea,  cocaine 
displays  its  most  marvellous  efficiency.  Here  it  is  possible  to 
work  for  some  minutes,  as  the  surgeon  is  sometimes  obliged  to, 
in  removing  a  flake  of  steel  or  iron  from  the  cornea,  where  it 
has  become  deeply  lodged,  without  causing  the  patient  the 
slightest  pain. 

THE  ANAESTHETIC. 

This  chapter  upon  operations  upon  the  eye,  cannot  pro- 
perly be  concluded  without  expressing  the  conviction  that 
sulphuric  ether,  is  the  best  of  all  anaesthetics  for  operations 
upon  the  eye,  requiring  general  anaesthesia.  The  grounds  upon 
which  this  opinion  is  based  are  that  it  is  the  safest  anaesthetic. 
15 
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In  the  history  of  the  Manhattan  Eye  and  Ear  Hospital,  where 
thousands  of  operations  upon  the  eye  and  ear  have  been  per- 
formed, under  ether,  not  one  life  has  been  lost  in  consequence  of 
the  use  of  an  anaesthetic  in  an  operation  upon  the  eye  or  the 
ear.  Chloroform,  even  when  used  on  young  subjects,  is  not 
without  danger.  For  the  administration  of  ether,  I  advise  a 
cone  made  of  a  towel,  lined  with  paper,  larger  or  smaller  accord- 
ing to  the  age  and  size  of  the  patient.  The  ether  should  be  given 
slowly,  and  by  a  person  who  is  instructed  to  keep  his  atten- 
tion fixed  upon  the  patient's  respiration,  his  color,  and  by  one 
who  will  have  intelligence  enough  to  withdraw  the  cone,  and 
admit  fresh  air,  as  soon  as  the  blood  is  not  properly  oxygenized. 
With  skill,  it  is  possible  to  anaesthetize  patients  in  from  two  to 
five  minutes.  While  ether  is  a  more  disagreeable  anaesthetic 
than  chloroform,  the  fact  of  its  nearly  absolute  safety  is  an 
argument  in  favor  of  its  exclusive  use,  that  to  me  has  never  been 
answered.     In  visiting  clinics  in  France  and  Germany,  I  have 


Fig.  1^4.    Operating  Table. 


observed  that  their  fear  of  chloroform  sometimes  leads  the  sur- 
geons to  imperfectly  anaesthetize  the  patient.  When  ether  is 
used,  perfect  anaesthesia  may  be  secured  without  solicitude.     In 
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two  instances  or  more  in  my  practice,  I  have  been  unable  to 
secure  anaesthesia  without  endangering  the  life  of  the  patient 
from  suffocation.  Both  of  these  two  subjects  were  young  men. 
I  have  heard  of  a  few  other  cases,  as  occurring  among  my  col- 
leagues in  New  York.     But  they  are  certainly  exceptional. 

A  whiff  of  chloroform  vapor,  inhaled  from  a  small  bit  of 
absorbent  cotton,  saturated  with  it,  held  in  the  nostrils,  during 
the  slitting  of  the  canaliculus,  forms  an  exception  to  my  mind, 
in  the  use  of  chloroform  and  is  a  proper  way  of  securing  local 
anaesthesia  without  risk  (J.  B.  Emerson). 

OPERATING  TABLES. 

A  plain  and  strong  wooden  table,  such  as  is  generally  used 
in   kitchens,    forms   an   excellent   operating   table,    in   private 


Fig.  125.— Operating  Chair. 


houses.  Beds  and  lounges  are  to  be  carefully  avoided,  for  the 
obvious  reason  that  they  are  too  low  for  the  convenience  of  the 
operator,  and  for  a  good  light. 

For  minor  operations  in  a  consulting  room,  what  are  called 
sleepy-hollow  chairs  or  so-called  steamer  chairs,  lounging  chairs, 
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with  good  backs,  are  very  convenient.  For  hospital  work  tables 
on  the  general  pattern  shown  in  the  figure  are  very  convenient. 
Some  surgeons  dispense  with  the  side  supports  for  the  head. 

For  those  who  do  not  find  simple  chairs  sufficient  for  opera- 
tions in  the  consulting  room,  that  here  figured  (De  Weckers) 
is  also  very  convenient  for  many  minor  operations. 
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CHAPTEE  XL 
DISEASES   OF  THE   EYELIDS. 

Diseases  Symptomatic  of  Deeper  Affections. — Erysipelas. — Blepharitis  Ciliaris. 
— Hordeolum. —  Chalazion. —  Trichiasis. —  Distichiasis. —  Entropion. —  Ec- 
tropion. — Ptosis.  — Paralysis  of  Orbicularis.  — Spasm.  — Nictitation.  — Ecchy- 
mosis. —  Epicanthus.— Coloboma. —  Ephidrosis. —  Chromhidrosis. —  Xanthe- 
lasma.— Blepharospasm. — Wounds  of  the  Eyelids. — Abscess  of  the  Lids. — 
Syphilitic  Diseases  of  the  Eyelids — Epithelioma. 

The  diseases  of  the  eyelids  are  sometimes  of  an  independent 
origin,  but  they  are  often  merely  symptomatic  or  dependent 
upon  deeper  and  more  important  affections.  An  examination 
which  finds  an  affection  of  the  lids,  should  therefore  be  very 
carefully  continued,  until  it  is  positively  determined  that  they 
alone  are  diseased.  Disease  of  the  integument  of  the  body 
may  extend  to  the  lids;  thus  we  may  have  erysipelas,  acne, 
eczema,  warts,  nsevi,  syphilitic  ulcers,  epithelioma,  hyperemia, 
oedema,  cellulitis,  and  abscesses — in  fact,  any  disease  that  may 
attack  the  skin.  A  special  consideration  of  such  diseases,  when 
they  involve  the  eyelids  alone,  and  not  the  conjunctiva  or  eye- 
ball, belongs  rather  to  a  treatise  upon  diseases  of  the  skin  than 
to  one  on  the  eye.  A  few  of  these  affections,  however,  deserve 
consideration  here,  for  they  may  be  confined  to  the  eyelids,  or 
they  may  secondarily  involve  the  eyeball. 

ERYSIPELAS. 

Facial  erysipelas  is  not  only  a  dangerous  disease  to  the  gen- 
eral system,  but  it  may  involve  the  deeper  tissues  of  the  eyeball, 
the  retina,  and  optic  nerve,  and  produce  impairment  of  sight, 
or  even  blindness.  The  extension  of  the  inflammation  to  the 
optic  nerve  and  retina,  is  through  the  absorbents  and  blood- 
vessels of  the  connective  tissue.  The  tissue  of  the  lids  may 
also  slough  in  the  course  of  a  severe  attack  of  erysipelas. 

Treatment. — It  is  not  easy  to  combat  a  bad  case  of  erysipelas. 
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It  will  run  its  course.  But  the  patient's  general  condition 
should  be  as  well  sustained  as  is  possible,  by  the  use  of  nutrients 
and  stimulants.  The  old  lead  and  opium  wash,  is  as  applicable 
to  the  eyelids  as  to  any  part  of  the  integument.  It  is  service- 
able in  alleviating  the  sufferings  of  the  patient.  If  the  con- 
nective tissue  of  the  orbit  become  involved,  hot  fomentations 
repeated  for  fifteen  minutes  or  more  every  hour  will  be  of  value. 
The  eyelids  should  be  kept  well  lubricated  with  benzoated  lard, 
vaseline,  or  the  like,  in  the  mean  time.  It  will  be  only  possible 
to  guide  the  course  of  the  disease,  it  is  probably  impossible 
to  arrest  it:  Its  severity  and  consequent  results,  will  depend 
entirely  upon  the  patient's  strength  for  resisting  the  inroads 
of  the  poison.  The  use  of  antipyretics,  such  as  quinine,  anti- 
pyrin,  and  phenacetin,  should  be  carefully  avoided.  Their 
effect  in  reducing  the  temperature  is  often  illusory,  and  always 
unnecessary.  They  all  stop  up  the  emunctories,  by  which  the 
poison  is  to  be  eliminated,  if  at  all;  that  is,  the  skin,  the  kid- 
neys, and  the  bowels,  and  some  of  them  dangerously  affect  the 
power  of  the  heart.  I  have  seen  the  temperature  in  a  case  of 
erysipelas  of  the  head  reduced  from  104°  to  below  normal,  in 
twelve  hours,  where  no  antipyretic  at  all  had  been  given.  Such 
a  reduction  is  not  without  clanger.  The  surgeon  should  be  ready 
for  it,  by  having  the  hot-air  bath  at  hand,  and  give  stimulants 
by  the  stomach  and  hypodermically,  and  the  attendants  well 
warned  that  such  a  sudden  and  great  fall  of  temperature  may 
be  expected.  Hence  everything  is  to  be  ready  to  bring  it  up 
again,  lest  the  patient  succumb  in  consequence  of  the  depression. 

BLEPHARITIS   CILIARIS— BLEPHARITIS   MARGINALIS. 
Tinea  Tarsi  (t3?i£<papov,  eyelid). 

The  characteristics  of  this  disease,  are  a  red  line  and  swell- 
ing along  the  ciliary  margin  of  the  lids,  while  the  roots  of 
the  eyelashes,  and  the  mouths  of  the  Meibomian  follicles, 
especially  the  former,  are  encrusted  with  dried  purulent  and 
catarrhal  secretion.  The  cilia  themselves,  are  often  mailed  to- 
gether by  /tie  secretion. 

Blepharitis  ciliaris  is  essentially  a  disease  of  the  roots  of  the 
hair  follicles,  and  the  Meibomian  glands.     As  it  advances  it  also 
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involves  the  connective  tissue.  The  edge  of  the  lid  is  at  first 
hypercemic,  but  in  time  atrophy  occurs,  and  it  becomes  smooth 
and  glistening.  The  secretions  of  the  follicles  and  glands,  if  not 
very  often  removed,  thicken  and  harden  about  the  lashes,  and 
produce  crusts.  The  hairs  fall  out,  little  pustules  having  formed 
about  their  roots.  The  new  growth  of  hair  is  apt  to  be  pale, 
thin,  stunted,  and  misdirected.  When  the  disease  has  so  pro- 
gressed, the  edge  of  the  lid  sometimes  becomes  hypertrophied  and 
callous.  This  disease  or  condition  was  formerly  known  as  tylosis 
(-"'•>/,  callous).  The  lid  may  also  become  everted.  The  hair 
follicles  may  be  so  completely  destroyed,  that  the  hair  will  cease 
to  grow  altogether — madarosis  (jj-adapos^  bald).  This  affection 
occurs  in  children  and  in  adults,  in  varying  degrees  of  severity. 
It  seems  especially  apt  to  attack  blondes.  When  occurring  in 
the  very  young,  it  is  usually  very  tractable  to  simple  treatment. 
It  was  the  idea  of  some  of  the  older  authors  that  it  was  essen- 
tially a  disease  of  strumous  origin.  It  is  probable  that  it  has  no 
such  specific  origin,  but  that  it  is  frequently  the  result  of  anae- 
mia, induced  by  bad  general  nutrition.  It  is  commonest  among 
the  infants  and  children  of  the  poor,  such  as  the  tenement-house 
class  in  New  York,  but  it  occurs  among  all  poorly  nourished 
people,  as  it  does  in  half-starved  domestic  animals. 

There  are  two  classes  of  cases.  One  is  a  simple  form,  easy 
of  cure,  the  result  of  a  catarrhal  conjunctivitis,  in  which  ordi- 
nary local  cleanliness  has  been  neglected.  There  is  a  second, 
where  either  from  grave  constitutional  conditions  or  uncorrected 
errors  of  refraction,  deep-seated  disease  of  the  hair  follicles 
has  occurred.  In  1876, '  I  showed  by  a  series  of  cases,  that 
blepharitis  ciliaris  was  very  often  associated  with  an  error  of 
refraction,  usually  astigmatism,  and  that  the  most  efficient  local 
measures  would  only  partially  succeed  in  such  cases,  unless  the 
strain  of  the  accommodation  was  relieved  by  a  correction  of  the 
refractive  error.  Although  this  opinion  was  stoutly  resisted  on 
its  promulgation,  by  some  authorities,  it  has  since  been  abun- 
dantly verified  by  Risley  (Philadelphia),  Noyes,  and  many 
others.  Strain,  and  consequent  fatigue  of  tlie  accommodation, 
is  by  no  means  confined  to  school  children  and  adults.     Even 

1  International  Congress  of  Ophthalmology,   New   York,   1876.     Also  Trans- 
actions American  Ophthalmological  Society,  1878. 
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very  young  children,  in  their  plays,  often  call  into  action  a  great 
deal  of  accommodative  power.  Children  who  have  a  considera- 
ble degree  of  astigmatism,  or  who  are  very  hypermetropic,  will 
especially  suffer  from  such  a  strain.  Hypermetropia,  if  asso- 
ciated with  blepharitis,  unless  it  be  of  a  high  degree  or  connected 
with  astigmatism,  cannot  be  said  to  be  the  exciting  cause  of  the 
blepharitis,  because  the  greater  proportion  of  the  civilized  races 
at  least,  are  hyperopia  Opacities  of  the  cornea,  which  are 
situated  over  the  pupil,  and  consequently  impair  the  sight,  and 
cause  a  permanent  accommodation  strain,  are  a  fruitful  source 
of  blepharitis  ciliaris. 

Treatment. — The  first  essential  is  to  secure  and  maintain 
perfect  cleanliness  of  the  hair-follicles,  Meibomian  glands,  and 
other  parts  making  up  the  edge  of  the  lids.  The  use  of  simple 
water  is  not  sufficient  for  this.  An  alkaline  solution  added  to  it 
is  necessary  to  dissolve  the  crusts  which  accumulate  so  rapidly 
about  the  roots  of  the  lashes.  Bicarbonate  of  soda,  3  i.  ad  3  iv. 
of  rosewater,  is  a  very  good  application.  It  should  be  thor- 
oughly used  by  means  of  absorbent  cotton,  bits  of  old  linen,  or 
the  like.  In  severe  cases,  it  will  be  necessary  to  use  this  appli- 
cation three  or  four  times  a  day,  but  generally  treatment  in  the 
morning  and  evening  will  be  found  sufficient.  The  patient's 
attendant,  or  the  patient  himself,  should  be  taught  to  do  this. 
After  all  the  crusts  are  thoroughly  removed,  an  ointment  of  yel- 
low or  red  oxide  of  mercury,  one  to  two  grains  to  the  drachm  of 
benzoated  lard,  simple  cerate,  or  vaseline  is  usually  the  best 
application.  In  some  cases  the  surgeon  will  do  well  to  apply  a 
ten -grain  solution  of  nitrate  of  silver  to  the  roots  of  the  hair- 
follicles.  When  this  is  done,  the  nitrate  of  silver  may  be  neu- 
tralized with  vaseline,  or  the  like.  This  is  better  than  using  salt 
and  water  for  this  purpose. 

In  chronic  cases  occurring  in  adults,  or  in  children  old 
enough  to  read,  the  refraction  should  be  carefully  examined. 
If  astigmatism,  hypermetropia  of  a  high  degree,  or  myopia  be 
found,  it  should  be  corrected,  or  a  cure  will  be  more  difficult. 
In  severe  cases,  it  will  be  well  to  apply  a  four-grain  solu- 
tion of  the  sulphate  of  atropia  or  a  one-grain  solution  of  sco- 
polamine, and  let  up  the  strain  on  the  accommodation  for  ten 
days   or  two    weeks.     This    will    greatly    facilitate    the    cure, 
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and  at  the  same  time  demonstrate  about  how  much  the 
strain  upon  the  accommodation,  influences  the  course  of  the 
disease.  In  cases  of  blepharitis  ciliaris  caused  by  opacities  of 
the  cornea,  it  is  generally  impossible  to  do  any  more  than  to 
mitigate  the  affection  by  constant  care  of  the  eyes,  in  the 
manner  that  has  been  indicated.  In  many  cases,  especially 
in  very  light  blondes,  perpetual  local  applications  are  necessary 
to  permanently  remove  the  red  line  along  the  lids,  so  charac- 
teristic of  a  mild  form  of  this  disease.  There  are,  however, 
many  cases  that  are  entirely  cured.  One  of  the  first  cases 
that  called  my  attention  to  the  bad  effects  of  errors  of  refrac- 
tion and  strain  of  accommodation,  upon  the  edges  of  the  lids, 
and  which  led  me  to  investigate  the  subject,  was  one  of  mixed 
astigmatism,  in  a  book-keeper  of  twenty-five  years  of  age, 
whose  case  had  been  treated  for  four  years  under  skilful  hands 
without  relief.  In  two  months  after  the  use  of  correcting 
glasses  and  very  simple  local  treatment,  he  was  well.  Many 
cases  followed  this  one,  until  the  importance  of  examining  the 
refraction  was  seen.  I  was  in  the  habit,  while  investigating 
this  subject,  of  looking  about  my  class  at  the  University  Medical 
College,  for  young  men  with  marked  cases  of  blepharitis  ciliaris, 
and  I  almost  always  found  the  inflammation  of  the  lids  as- 
sociated with  refractive  anomalies  that  had  not  been  corrected. 

It  is  an  interesting  observation,  that  patients  who  suffer 
markedly  from  blepharitis  do  not  usually  complain  of  watering 
of  the  eyes,  headache,  and  the  other  symptoms  of  what  is  called 
asthenopia.  The  evidences  of  strained  accommodation  are 
chiefly  found  in  the  condition  of  the  lids.  When  patients  suffer- 
ing from  asthenopia  are  interrogated,  it  is  found  that  one  of 
the  first  complaints  is  of  a  heat  in  the  edges  of  the  lids,  a  feel- 
ing as  if  there  were  a  band  about  them.  The  congestion  or 
hyperemia  in  the  hair  follicles  or  Meibomian  glands,  with  the 
consequent  sensation  of  heat,  is  the  beginning  of  the  asthenopic 
symptoms.  Why,  in  some  cases,  this  hyperemia  goes  on  to  be 
true  inflammation,  and  in  others,  no  matter  how  long  the  as- 
thenopia exists,  never  gets  beyond  the  stage  of  hyperemia,  is  an 
interesting  question  which  I  am  unable  to  answer. 
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BLEPHARITIS   TARSALIS— HORDEOLUM. 

(Hordeolum,  stye.) 

A  stye  is  characterized  by  a  localized  redness  and  swelling, 
which  can  generally  be  traced  to  a  Meibomian  follicle.  The 
swelling  is  so  circumscribed  that  the  skin  eati  be  freely  moved 
about  it. 

A  stye  is  a  boil  affecting  the  connective  tissue,  and  a  Meibo- 
mian gland,  at  the  edge  of  the  lid.  Styes  are  apt  to  appear  in 
succession.  Certain  subjects  are  especially  liable  to  them,  if  the 
general  system  becomes  at  all  run  down  from  general  causes. 
Like  boils  in  other  parts  of  the  body,  they  give  evidence  of  im- 
paired nutrition.  They  cause  considerable  pain,  and  swelling 
and  deformity  of  the  lid.  The  pain  is  sometimes  excessive,  as  if 
the  patient  were  suffering  from  periostitis  of  the  edge  of  the 
orbit,  or  the  malar  bone.  While  styes  more  frequently  occur  in 
those  persons  who  have  a  marked  refractive  error,  they  also 
arise  where  the  accommodation  is  overstrained,  in  persons  with 
no  marked  refractive  anomaly.  For  example,  while  preparing 
these  pages  for  the  press,  I  have  seen  a  strong,  large  man  of 
forty-five,  with  an  out-door  occupation,  suffering  from  a  large 
stye.  On  close  examination  to  learn,  if  possible,  the  origin  of 
his  trouble,  the  only  clew  I  could  find  to  the  etiology  was  the 
fact  that  although  he  was  well  on  in  presbyopia,  he  wore  no 
glasses  for  the  little  reading  he  may  have  done,  as  he  was  an 
illiterate  man,  nor  for  looking  at  fine  objects.  This  was  a  slender 
foundation  on  which  to  build  a  theory,  and  as  he  was  in  vigor- 
ous health,  I  was  obliged  to  say  I  could  trace  no  cause  for  his 
stye,  in  any  history  or  symptoms  I  could  get  from  him. 

Those  who  are  satisfied  with  the  statement  that  morbid 
germs  cause  all  diseases,  will  no  doubt  say  that  hordeolum  re- 
sults from  local  infection  with  a  hordeolum  bacillus.  But  a 
healthy  eyelid,  or  a  healthy  Meibomian  follicle,  will  probably 
resist  an  attack  from  such  a  source.  The  problem  as  to  the 
preparation  of  the  soil  for  the  morbid  germ,  remains  unsolved  in 
many  such  cases,  probably  from  our  want  of  information  as  to 
the  local  or  general  irritants  which  have  preceded  the  inflam- 
mation. 

Treatment. — Hot  fomentations  or  small  poultices  should  be 
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used,  until  pus  has  formed,  when  the  tumor  should  be  fully 
opened  by  an  incision  parallel  to  the  edge  of  the  lid.  Styes  are 
sometimes  aborted,  if  touched  with  a  solution  of  nitrate  of  silver, 
gr.  xx. -xl.  to  the  ounce,  when  they  first  appear,  or  if  an  oint- 
ment of  red  oxide  of  mercury,  one  grain  to  a  drachm  of  benzo- 
ated  lard  or  the  like,  be  rubbed  into  them.  I  may  here  add  to 
what  has  been  said  upon  the  subject  of  the  connection  of  blepha- 
ritis ciliaris  with  errors  of  refraction,  that  it  applies  also  to  styes, 
tarsal  tumors,  chalazia,  or  to  any  affection  of  the  lids.  The 
refraction  should  always  be  carefully  examined  in  cases  of  styes 
and  so  forth.  Their  recurrence  may  often  be  prevented  by  a 
correction  of  the  refractive  error. 

CHALAZION. 

(xala^a,  hail.) 

This  is  also  known  as  tarsal  tumor  or  tarsal  cyst.  It  is  the 
so-called  retention  tumor  of  the  Germans.  It  is  formed  by 
an  inflammatory  obstruction  of  the  mouth  of  a  Meibomian 
gland,  which  expands  laterally  and  produces  the  tumors,  which 
sometimes  grow  to  the  size  of  a  hazelnut.  Usually  they  are 
much  smaller.  Two  or  more  may  grow  in  the  same  lid.  They 
appear  either  in  the  upper  or  lowerlid,  and  are  usually  quite 
disfiguring.  Masses  of  such  growth  often  appear  and  disap- 
pear, without  treatment,  but  this  cannot  be  certainly  counted 
upon,  in  an  individual  case.  Sometimes  this  removal  is  by 
absorption,  but  in  rare  cases  suppuration  occurs,  and  finally 
the  abscess  ruptures,  occasioning  considerable  disfigurement 
and  inconvenience  for  the  time. 

Treatment.- — -When  a  tumor  has  existed  for  some  weeks,  and 
is  large  enough  to  be  a  deformity,  it  is  better  to  remove  it  by 
incision.  If  it  can  be  reached  through  the  conjunctiva,  instilla- 
tion of  a  four-grain  solution  of  hydrochlorate  of  cocaine  will 
prevent  any  pain  from  the  first  incision.  If  the  patient  be  one 
who  cannot  bear  even  a  little  pain,  it  is  better  to  wait  after  the 
first  incision,  until  the  tissues  beneath  are  cocainized,  when  the 
operation  can  be  finished.  Sometimes  general  anaesthesia  is  nec- 
essary. Various  instruments  have  been  invented  and  modified 
with  which  to  grasp  the  tumor  while  performing  this  operation. 
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Many  practitioners  find  advantage  in  their  use,  but  I  employ  a 
simple  spatula,  or,  in  some  cases,  the  thumb  and  finger.  The 
advantage  of  the  ring  forceps  is  that  they  restrain  the  hemor- 
rhage during  the  operation.  But  that  advantage  is  more  than 
compensated  for,  in  my  opinion,  in  that  the  tissues  are  so  com- 
pressed during  the  operation,  as  to  render  ecchymosis  more 
likely,  so  that  the  patient  is  disfigured  for  some  days  after. 
After  making  a  free  incision  in  the  conjunctiva  or  integument, 


Fig.  126.— Ring  Forceps.    For  encircling  chalazia  before  removal. 

a  choice  of  an  internal  or  external  opening  being  made,  accord- 
ing to  the  stretching  of  either  part,  cocaine  is  reapplied.  This 
first  incision  should  be  deep  enough  to  come  at  once  upon  the 
walls  of  the  tumor,  which  may  be  dissected  out  or  cut  into.  If 
the  latter,  after  the  contents  of  the  cyst  are  thoroughly  evac- 
uated, the  cyst-wall  or  lining  should  be  thoroughly  scraped  with 
a  small  spoon,  so  that  the  likelihood  of  a  return  of  the  tumor  is 
lessened.  If  not  patiently  and  thoroughly  removed,  it  may  re- 
turn or  never  wholly  disappear. 

It  is  not  well,  simple  as  the  operation  for  removal  of  a  cha- 
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lazion  is,  to  attempt  it  without  an  assistant.  A  simple  incision 
will  but  usually  be  sufficient,  but  considerable  dissection  may  be 
required,  which  the  surgeon  cannot  properly  carry  out  unaided. 
If  the  tumor  be  removed  through  the  integument,  a  suture  or 
two  will  be  needed   to  close  the  wound.     The  proper  dressing 


Fig.  1"2~.— Spoon  for  Chalazia. 

will  be  a  flannel  bandage,  if  the  patient  is  to  be  exposed  to 
the  cold  or  wind  afterward,  and  the  incision  is  through  the  in- 
tegument. In  case  the  tumor  is  small,  and  the  patient  very 
much  disinclined  to  the  removal  by  cutting,  massage,  a  daily 
application  of  the  tincture  of  iodine,  or  the  Faradic  current  of 
electricity  may  be  tried. 

PHTHIRIASIS. 

(4>&F'f>,  a  louse.) 

This  condition  may  be  mistaken  for  blepharitis  ciliaris.  It 
is  an  affection  of  the  margin  of  the  lid,  caused  by  the  presence 
of  the  so-called  crab-lice,  pediculi  j)iibis,  upon  the  eyelashes. 
The  patient  of  the  lower  walks  of  life  is  not  usually  aware  of 
their  presence.  They  cause  great  itching,  which  induces  the 
attempts  at  relief,  leading  to  great  congestion.  The  eggs  of 
the  animal  may  be  detected  on  the  cilia  by  close  examina- 
tion, and  the  parasites  themselves  may  also  be  discovered.  The 
proper  treatment  is  by  means  of  mercurial  ointment.  This 
should  be  well  rubbed  into  the  margins  of  the  lids,  when  it 
will  dislodge  the  parasites,  so  that  they  are  easily  seen  and  re- 
moved with  forceps. 

EPITHELIOMATA. 

Epitheliomatous  tumors  sometimes  originate  in  the  eyelids. 
They  should  be  thoroughly  removed  with  the  knife,  as  soon  as  de- 
tected. Warts  upon  the  eyelids  often  form  the  starting-point  of 
epitheliomatous  growths  upon  the  eyelids.  They  are  to  be  looked 
upon  with  great  suspicion  when  they  thus  appear.  They  are  read  - 
ily  removed  by  a  sliding  flap  operation.  If  they  are  attacked  at 
an  early  stage  and  the  removal  is  thorough,  the  prognosis  is  good. 
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I  have  watched  such  cases  for  ten  years  or  more,  and  have 
seen  no  return.  When  they  have  become  large  and  have  made 
a  large  ulcerative  surface,  it  is  not  only  difficult  to  secure  a 
thorough  removal  without  great  deformity,  but  the  return  of 
the  growth  is  probable. 

TELANGIECTASIS  AND  ANGIOMATOUS  GROWTHS. 
(jtjIe,  far;  ayyeiov,  a  blood-vessel ;  eKtaacg,  dilation;  ayyaov,  a  blood-vessel.) 

These  growths  may  occur  on  the  eyelids.  They  are  congen- 
ital, and  may  be  removed  at  an  early  period,  by  the  knife.  This 
means  is  better  than  the  use  of  the  actual  or  galvano-cautery, 
because  it  is  less  likely  to  leave  a  scar. 

DISTICHIASIS  AND  TRICHIASIS. 
(Siarixm,  a  double  row  :  rpixiau,  to  show  hairs.) 

The  first  of  these  conditions  means  a  double  row  of  lashes 
turning  inward  upon  the  eyeball.  Trichiasis  is  a  turning  in  of 
the  lashes,  without  their  being  a  double  row.  Both  of  these  con- 
ditions are  often  associated  together.     The  double  row  is  some- 


Fig.  128.— Operations  for  distichiasis  (StellwagV 

times  only  apparent,  and  is  caused  by  stretching  of  the  outer 
lip  of  the  lid  (Stellwag1).  These  conditions  are  actually  parts 
of  the  condition  called  entropion.  Yet  the  invasion  of  the 
cilia  is  almost  always  a  consequence  of  trachoma,  that  is  to  say, 
a  result  of  the  atrophy  of  the  connective  tissue,  and  distortion 


'"Text-Book,"  English    translation,   Roosa,    Hackley,  and  Bull,    New  York. 
1873,  p.  462. 
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of  the  tarsal  cartilage  caused  by  this  disease.  In  old  people,, 
entropion  is  often  a  spasmodic  affection,  resulting  from  the  lax 
condition  of  the  integument  with  an  absence  of  fat  and  sebace- 
ous follicles.  It  is  very  apt  to  occur  in  such  subjects,  after  the 
bandaging  of  the  eyes  consequent  upon  an  operation  for  cataract. 

Treatment. — The  treatment  of  distichiasis  and  trichiasis  is 
chiefly  by  operations,  which  have  been  described  in  Chapter  X. 
Spasmodic  entropion  may  often  be  cured  by  the  application 
of  adhesive  plaster  to  keep  the  lid  well  drawn  down.  Ectro- 
pion has  also  been  described  sufficiently  in  the  chapter  devoted 
to  operations. 

Ptosis  (xtuhti^  falling)  is  a  drooping  of  the  upper  lid,  either 
partial  or  complete.  It  is  caused  by  injury  of  the  levator  muscle, 
swelling  and  increased  weight  of  the  lid  from  inflammation,  or 
by  paralysis  of  the  third  nerve.  It  is  sometimes  seen  in  old  peo- 
ple, when  it  is  caused  by  great  relaxation  of  tissues.  It  may  be 
also  congenital.  Ptosis  is  thoroughly  considered  in  the  chapter 
upon  paralysis  of  the  ocular  muscles. 

Paralysis  of  the  orbicularis  muscle,  is  a  result  of  paral- 
ysis of  the  portio  dura  of  seventh  nerve.  The  lids  cannot  be 
completely  closed,  and  the  patient  thus  has  a  peculiar  staring 
appearance  called  lagophthalmos  (Aa^a*? ,  a  hare,  and  6f&aXixo<s,  eye) . 
The  lower  lid  falls  away  from  the  globe,  so  that  tears  run  over, 
and  the  eye  suffers  excessively  from  a  constant  exposure  to 
external  irritants,  winds,  dust,  smoke,  and  the  like. 

Ephidrosis,  is  an  excessive  secretion  of  the  sweat  glands  of 
the  lids.  It  causes  itching  and  biting  sensations  and  irritation 
and  inflammation  of  the  skin  and  of  the  conjunctiva.  It  is  diffi- 
cult to  cure. 

Chromhidrosis,  is  a  dark  blue  or  black  discoloration  of  the 
skin  of  the  lids,  appearing  suddenly,  and  capable  of  being  washed 
off  with  glycerin  and  rosewater.  It  is  seen  chiefly  in  hysterical 
females,  and  supposed,  by  some  authors,  to  be  always  due  to 
simulation. 

Xanthelasma,  Xanthoma  (f«»"V,  yellow),  or  Vitiligoidea 

(vitium,   a  defect)  appears  as  peculiar  yellow  patches,  usually 

situated  on  the  skin  of  the  eyelids,  and  most  often  the  upper  lid, 

near  the  inner  canthus.     Sometimes  the  patch  is  raised  a  little, 

sometimes  not.     The  disease  is  most  common  in  females,  and 
16 
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in  those  of  middle  age.  Dissection  shows  that  the  connective- 
tissue  cells  of  the  parts  are  filled  with  fat.  By  some  there  is 
thought  to  be  a  connection  between  xanthoma  and  liver  trouble. 
Excision  of  the  patches  is  proper  treatment. 

Blepharospasm. — This  is  a  symptom  rather  than  a  disease, 
although  it  may  become  a  chronic  one.  It  is  essentially  a  spas- 
modic contraction  of  the  orbicularis,  so  that  the  lids  are  tightly 
closed  against  the  globe.  When  this  is  a  constant  condition,  it 
is  a  result  of  photophobia,  which  is  an  accompaniment  of  the 
various  forms  of  phlyctenular  disease,  which  are  fully  treated  in 
another  chapter.  Blepharospasm  is  a  reflex  irritation  from  the 
fifth  nerve.  It  occurs  also  in  neuralgia  of  all  the  branches  of 
this  nerve,  from  the  presence  of  foreign  bodies,  errors  of  refrac- 
tion, and  so  forth.     It  may  be  a  result  of  spinal  disease. 

Treatment. — This  should  be  directed  toward  a  removal  of  the 
cause.  The  symptom  is  often  alleviated  by  immersion  of  the 
face  in  cold  water,  frequently  repeated.  Canthotomy  is  often 
performed  with  benefit  on  account  of  blepharospasm.  In  pure 
neuralgia  of  the  fifth  pair  division  of  the  affected  nerve  is 
sometimes  practised. 

Blepharospasm  sometimes  occurs  in  persons  in  adult  life,  and 
is  marked  by  a  frequent  rapid  and  violent  closure  of  the  lids. 
Every  few  seconds,  especially  when  mentally  excited,  the  lids 
are  firmly  pressed  together.  There  is  then  an  interval  of  quiet 
to  the  eyes.  This  condition  is  not  susceptible  of  relief  by  ordi- 
nary methods.  The  subjects  of  it  regard  it  as  a  habit,  and  sel- 
dom apply  for  relief. 

Nictitation. — Associated  with  blepharospasm  is  a  constant 
or  very  frequent  winking,  nictitation,  which  is  an  evidence  of 
nervous  exhaustion  from  various  causes.  This  occurs  some- 
times as  a  twitching  of  the  muscle  of  the  upper  or  lower  lid.  a  con- 
traction of  the  small  muscular  fibres  of  the  orbicularis.  This  is 
sometimes  invisible,  except  on  close  examination,  but  it  is  always 
extremely  troublesome  to  the  patient.  It  is  a  positive  symptom 
of  nervous  exhaustion.  It  sometimes  extends  to  the  muscles 
of  the  face.     In  rare  instances  it  becomes  a  constant  condition. 

Treatment. — The  use  of  alcoholic  stimulants  at  meals,  such 
as  champagne,  the  administration  of  tonics,  especially  strych- 
nia, complete  mental  and  physical  rest  will  almost  invariably 
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break  up  this  troublesome  symptom  in  persons  of  usually  good 
health. 

Ecchymosis  of  the  Lids. — This  is  an  effusion  of  blood  into 
the  cellular  tissue,  consequent  on  blows  or  other  injuries.  It  is 
known  in  popular  language,  as  a  black  eye.  Cold  applications, 
a  compress  and  bandage  are  useful  applications  to  promote 
absorption  of  the  blood  and  coloring  matter.  In  large  cities, 
there  are  men  who  make  a  business  of  covering  up  this  deform- 
ity, so  apt  to  occur  as  a  result  of  pugilism,  by  skilfully  paint- 
ing the  parts.  A  poultice  of  an  oyster,  is  a  favorite  application 
with  many  of  the  victims  to  their  own  habits,  but  it  is  a  dan- 
gerous remedy  because  it  may  break  down  the  tissues  and  pro- 
duce a  very  obstinate  keratitis. 

WOUNDS  OF  THE  EYELIDS. 

These  should  be  very  closely  examined  when  they  first  come 
under  observation,  to  see  if  the  wound  of  the  lid  is  the  only 
lesion.  The  globe  of  the  eye  is  very  often  wounded,  and  some- 
times a  foreign  body  has  entered  it,  when  on  superficial  ex- 
amination only  the  eyelid  seems  wounded.  Wounds  of  the 
eyelids,  if  recent  and  properly  united,  heal  promptly,  and  very 
often  most  serious  ones  leave  little  deformity,  there  being  ample 
tissue  to  make  up  for  loss.  The  edges  of  the  lids  should  be 
brought  together  by  fine  black  silk  sutures,  and  a  compress  and 
bandage  applied.  If  the  parts  are  very  hot  and  uncomforta- 
ble, iced  cloths  should  be  used.  It  is  necessary  to  freshen  the 
edges  of  wounds  more  than  twenty-four  hours  old,  in  order  to 
secure  union  by  first  intention.  Wounds  of  the  upper  eyelids 
are  sometimes  so  deep  and  extensive  as  to  involve  the  levator 
palpebrce.  Prompt  treatment  of  the  parts  with  subsequent 
use  of  the  Faradic  current,  sometimes  restores  the  functions  of 
the  nerves. 

Burns  of  the  Eyelids. — These  should  be  treated  like  burns 
of  other  parts  of  the  general  integument.  Collodion  is  an  excel- 
lent application  in  the  first  stages  and  also  gum-arabic.  If  only 
the  epidermis  be  involved,  very  little  harm  will  be  done,  but  if 
the  true  skin  be  invaded,  deformity  from  contraction  is  likely  to 
occur,  which  will  be  more  or  less  corrected  by  plastic  operations. 
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Epicanthus  (s-t,  and  *av0<>s:  upon  the  corner  of  the  eye). — This 
is  a  congenital  malformation,  depending  upon  a  want  of  de- 
velopment of  the  bridge  of  the  nose,  so  that  a  crescentic  fold  of 
the  skin  overlaps  the  inner  canthus  more  or  less.  The  cut- 
ting out  of  an  oval  piece  of  the  integument  of  the  bridge  of 
the  nose,  and  closing  it  by  suture,  will  improve  but  not  en- 
tirely relieve  the  condition  of  things. 

Coloboma  (xoXo^wfia}  mutilation). — Congenital  fissure  of  the 
lid.  This  is  sometimes  associated  with  coloboma  of  the  iris  and 
choroid.  It  is  analogous  to  harelip,  cleft  palate,  and  so  forth. 
A  simple  plastic  operation  is  often  sufficient  to  relieve  the  de- 
formity. 

Abscess  of  the  Lids. — As  a  result  of  injury  or  spontane- 
ously, abscess  of  the  lid  may  occur.  Although  abscesses  may 
cause  great  swelling  and  deformity  of  the  lid,  while  in  progress, 
they  usually  subside  rapidly  after  evacuation  of  the  pus,  and 
leave  no  scar. 

Syphilitic  Eruptions  and  Ulcers  of  the  Eyelid. — The 
careful  observer  will  be  on  the  lookout  for  syphilitic  ulcers  on 
the  eyelid.  Chancres  have  been  found  there.  The  authorities 
on  syphilis  regard  syphilitic  affections  of  the  lids  as  very  rare. 
The  ophthalmic  surgeon  very  seldom  sees  them.  The  eruptions 
are  more  properly  discussed  in  the  treatises  on  diseases  of  the 
skin.  A  chancre  of  the  lid  will  not  be  mistaken.  The  true 
syphilitic  ulcer,  however,  may  be  mistaken  for  epithelioma.  The 
administration  of  iodide  of  potassium  will  soon  clear  up  doubt- 
ful cases,  for  it  has  a  magical  effect  upon  a  syphilitic  lesion  of 
this  kind. 

I  have  seen  a  few  cases  of  extensive  ulceration  of  the  lids, 
supposed  to  be  due  to  malignant  diseases,  entirely  cured  by  the 
faithful  administration  of  this  drug,  and  the  diagnosis  of  sec- 
ondary syphilis  made  as  the  result  of  the  treatment. 


(MI  AFTER  XIT. 
DISEASES    OF   THE   LACHRYMAL   APPARATUS. 

Diseases  of  the  Lachrymal  Glands,  very  Rare. — Lachrymal  Catarrh. — Dacryo- 
cystitis.—  Causes. — Treatment. — Bowman's  Method. — Strictures  in  the 
Nasal  Duct. — The  Use  of  a  Knife  in  the  Nasal  Duct. — Gradual  Dilatation. 
—  Blennorrhoea. —  Abscess. —  Fistula. —  Destruction  of  the  Sac. —  Cilia  in 
the  Punctum. 

Diseases  of  the  lachrymal  glands  are  of  very  rare  occurrence. 
There  may,  however,  be  abscesses  of  the  gland,  and  cysts,  dacryo- 
cystitis (daxpoov,  tear,  and  «<r\  eye).  This  latter  disease  is  gen- 
erally due  to  closure  of  the  excretory  ducts,  and  distention  from 
retained  secretion.  Malignant  tumor,  sarcoma,  may"  form  in 
the  gland,  when  extirpation  of  the  growth  must  be  performed. 
The  abscesses  are  to  be  opened,  and  cysts  removed. 

Disease  of  the  puncta,  the  canaliculi,  the  lachrymal  sac,  and 
the  nasal  duct,  of  each  or  of  all,  are  very  common  affections. 
Of  9,937  cases  occurring  in  my  private  practice,  508  were  of  this 
class.  In  the  Manhattan  Eye  and  Ear  Hospital,  of  9,720  cases 
treated  in  1S91  and  1892,  159  were  cases  of  disease  of  the  tear 
passages. 

LACHRYMAL   CATARRH. 

Lachrymal  catarrh  is  characterized  by  an  increased  secre- 
tion in  the  canaliculus,  the  lachrymal  sac,  or  nasal  duct.  This 
causes  an  overflow  of  tears.  In  mild  forms  it  is  chiefly  notice- 
able out  of  doors,  especially  on  windy  or  cold  days.  In  severe 
cases  it  is  constant.  The  patient  is  compelled  to  wipe  the  eyes 
every  moment,  and  continuous  occupation  on  objects  near  at 
hand  is  almost  impossible.  Generally,  however,  the  catarrh  has 
advanced  to  a  stage  of  blennorrhoea,  before  this  occurs.  There 
is  usually  some  swelling  in  the  lachrymal  sac,  as  a  result  of  this 
catarrhal  inflammation.  As  the  disease  advances,  there  may  be 
a  positive  stricture  either  in  the  canaliculus,  the  sac,  or  duct,  and 
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rarely  the  punctum  itself  is  stopped  up,  so  that  the  tears  scarcely- 
pass  through  at  all.  This  state  of  things  soon  leads  to  blennor- 
rhea, and  possibly  to  abscess. 

Causes. — A  few  cases  of  a  mild  form,  where  the  symptoms 
are  most  manifest  on  use  of  the  eyes,  depend  upon  uncorrected 
errors  of  refraction,  and  the  trouble  is  really  a  form  of  asthen- 
opia. In  a  large  proportion  of  cases,  it  is  a  purely  catarrhal 
affection,  and  produced  by  the  same  causes  that  bring  on  catarrh 
in  other  parts  of  the  naso-pharyngeal  tract,  colds  in  the  head, 
and  catarrhal  conjunctivitis. 

Syphilis  plays  an  important  part  in  producing  catarrh  of  the 
lachrymal  passages.  It  is  not  an  uncommon  symptom  of  both 
the  acquired  and  congenital  form.  In  this  disease  it  is  apt  to 
advance,  unless  met  by  timely,  anti-syphilitic  treatment,  to  caries 
and  necrosis  of  the  lachrymal  bones,  while  in  the  simple  local 
variety,  it  very  seldom  becomes  such  a  serious  disease.  It  is 
much  more  apt  to  remain  as  a  (watery  eye)  still  icidium  lachry- 
marum,  dripping  of  tears.  The  older  writers  make  a  separate 
classification  under  this  head,  but  as  the  so-called  stillicidium  is 
a  mere  symptom,  this  is  manifestly  incorrect. 

Treatment. — The  treatment  by  Bowman's  gradual  method 
of  dilatation,  still  remains  the  best  that  has  been  suggested. 
There  are  many  objections  to  this  method,  urged  by  those  who 
look  for  speedy  and  rapid  methods  of  cure  in  chronic  disease. 
That  such  are  not  usually  to  be  expected,  is  in  the  very  nature  of 
things.  The  treatment  requires  the  personal  attendance  of  the 
patient  upon  the  surgeon,  at  first  every  day,  and  a  little  later 
for  two  or  three  times  a  week.  In  a  few  instances,  patients  or 
their  attendants  may  be  taught  to  introduce  the  probe  them- 
selves into  the  nasal  duct.  In  a  few  others,  the  relief  is  imme- 
diate after  a  very  few  probings,  so  that  the  treatment  is  not 
tedious.  It  must  be  confessed,  however,  that  the  treatment,  if 
successful,  generally  requires  from  six  to  twelve  weeks'1  attend- 
ance, and  in  some  instances  even  longer.  In  some  cases  that  are 
not  severe,  the  treatment  fails,  but  the  results  are  better  than 
is  usually  thought. 

Bowman's  Operation:  Dilatation  of  the  Canaliculus. — 
I  think  it  often  better  to  dilate  the  canaliculus  before  dividing  it. 
The  dilatation  is  not  a  painful  procedure.     It  accustoms  the 
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patient  to  the  use  of  instruments,  and  favors  the  proper  perform- 
ance of  the  second  and  painful  steps.  The  patient  should  be 
seated  in  a  convenient  chair,  such  as  has  been  described  in  Chap- 
ter X.,  and  which  is  in  many  private  houses,  or  can  be  readily 
secured.  If  more  convenient  the  patient  may  lie  down.  The 
surgeon,  standing  behind,  depresses  the  lower  lid,  and  exposes 
the  punchim  thoroughly.  Sometimes  it  is  so  small  or  there  is 
so  much  spasm  of  the  muscles,  so  much  timidity  of  the  patient, 
that  it  is  difficult  to  enter  it.  An  assistant,  for  which  purpose 
any  good  servant  or  office  attendant  may  be  brought  in,  is  very 
useful,  although  usually  not  indispensable.  After  the  punctum 
is  entered,  the  canaliculus  being  kept  well  on  the  stretch,  it  is 
thoroughly  dilated,  well  into  the  lachrymal 
sac.  Then  the  probe  is  taken,  and  the  canal- 
iculus thoroughly  divided,  with  the  knife, 
also  well  into  the  sac.  The  latter  part  of  this 
proceeding  is  sometimes  difficult  on  account 
of  adhesions  produced  by  inflammatory  ac- 
tion or  because  the  parts  are 
not  kept  well  stretched,  and 
a  fold  of  mucous  membrane 
gets  in  the  way.  A  little  ex- 
perience will  soon  enable  the 
operator  to  know  whether  or 
not  he  has  completely  suc- 
ceeded. If  he  has  not,  the 
next  and  final  step,  the  intro- 
duction of  the  probe,  will  be 
difficult  and  sometimes  im- 
possible, without  making  a 
false  passage.  A  probe  is 
taken  and  introduced  well 
into  the  sac.  and  then  turned 
into  the  nasal  duct,  having  of  course  first  been  bent  so  as  to 
adapt  itself  to  the  face.  These  probes  are  usually  and  better 
made  of  silver,  but  not  of  too  fine  a  quality.  It  is  difficult  to 
say  what  size  one  should  begin  with,  usually  with  the  Number  4. 
In  rare  cases  Number  6  or  even  8  may  be  introduced,  at  the 
first  sitting.     In  some  cases,  it  is  necessary  to  use  even  as  small 
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a  probe  as  Number  one.  This  is  readily  determined,  by  the  ob- 
struction met  with  in  dilating  the  passages  with  the  probe  for 
the  canaliculus.  If  the  canaliculus  probe,  goes  easily  into  the 
sac,  quite  a  large  probe  may  be  used,  at  once.  In  my  practice, 
I  rarely  have  occasion  to  use  a  larger  probe  than  Number 
8,  especially  in  true  catarrh,  but  when  blennorrhcea  or  abscess 
has  occurred,  and  the  passages  have  become  much  dilated,  or 
death  of  the  bone  has  occurred,  it  may  be  necessary  to  use  even 
Number  20.  Preliminary  to  the  probing,  in  cases  where  the  ca- 
tarrh is  considerable,  and  in  all  cases  of  blennorrhcea,  it  is  well  to 
syringe  the  lachrymal  passages  with  a  solution  of  common  salt 
and  water,  and  afterward  in  some  cases  there  is  advantage  in 
syringing  the  parts  with  an  astringent  solution:  nitrate  of 
silver,  one  to  five  grains  to  the  ounce;  sulphate  of  zinc,  gr.  ij. 
ad  5i.,  or  the  like.  This  is  not  usually  necessary  in  mild 
catarrhal  cases.  De  Wecker  devised  a  hollow  probe  for  sy- 
ringing the  parts.  It  is  sometimes  very  useful  (see  Chapter 
X.).  Some  authorities  (Stilling)  introduce  a  knife  into  the 
nasal  duct  and  divide  the  strictures.  This  is  a  method  much 
inferior,  to  my  mind,  to  gradual  dilation  with  a  blunt  probe, 
and  after  a  few  trials,  and  after  seeing  much  use  of  the  method 
in  the  hands  of  others,  I  declined  to  adopt  it,  and  continued  to 
adhere  to  Bowman's  method.  Again,  some  authorities  speak 
well  of  leaving  a  lead  or  silver  probe  in  the  nasal  duct  for  some 
days.  This  method  of  treatment  was  obviously  adopted  for  the 
laudable  purpose  of  lessening  the  frequency  of  the  patient's 
visits  to  the  surgeon,  as  a  short  cut  to  the  end  in  view.  Like 
many  other  short  cuts,  it  is  not  really  the  shortest  way.  Con- 
siderable reaction  may  follow  this  method  of  treatment.  The 
patient  at  least  finds  it  very  trying  to  wear  the  probe,  and  the 
suppuration  may  be  annoying.  After  faithfully  trying  this 
method  also,  I  came  back  again  to  gradual  dilatation. 

Just  how  much  force  to  use  in  dilating  a  nasal  duct,  it  is 
difficult  to  say.  One  must  not  be  too  delicate  here,  in  manipu- 
lation. The  parts  concerned  are  not  at  all  so  sensitive  to  over- 
distension, as  is  the  male  urethra,  for  example.  Neither  need 
one  dread  a  false  passage,  much  as  it  is  to  be  avoided,  for  its 
dangers  are  not  so  great,  from  the  very  nature  of  the  anatomy 
of  the  parts,  as  a  false  passage  in  the  male  urethra.     A  little 
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nasal  hemorrhage  after  the  operation,  or  even  a  considerable,  is 
not  at  all  a  serious  matter.  Considerable  eeehymosis  may  follow 
an  operation,  when  it  is  difficult  to  get  into  the  sac  or  the  nasal 
duct.  Cases  have  been  known,  where  orbital  cellulitis  has  oc- 
curred after  a  lachrymal  operation  and  injection  with  a  solution 
of  peroxide  of  hydrogen.  In  one  instance  the  cellulitis  was  so 
severe  as  to  finally  cause  atrophy  of  the  optic  nerve,  probably 
through  pressure.  These  cases  are,  however,  inadequately  re- 
ported, and  it  is  difficult  to  say  just  what  factors  were  potent 
in  producing  so  severe  an  inflammation. 

Sir  William  Wilde  once  sent  me  word,  by  a  very  intelligent 
patient,  whom  I  was  treating  for  a  -bad  case  of  lachrymal 
catarrh,  that  I  was  dealing  too  gently  with  the  case,  that  I 
should  use  a  large  probe  and  hurt  the  patient  more.  I  took 
his  advice,  and  my  patient,  who  had  a  bad  case  of  simple 
catarrh,  recovered.  Of  late,  since  so  much  discriminating  at- 
tention has  been  given  by  scientific  surgeons  to  the  surgery  of 
the  nose  and  to  its  diseases,  more  attempts  have  been  made  to 
cure  lachrymal  catarrh,  simply  by  removing  nasal  obstruction 
and  combating  nasal  inflammation.  I  am  doubtful  if  lachry- 
mal catarrh  be  not  too  local  an  affair  to  be  cured  by  treating  the 
mucous  lining  of  the  nasal  cavity,  or  of  the  turbinated  bones, 
but  certain  it  is  that  the  thorough  examination  of  the  nose  in 
all  obstinate  cases,  or  in  aggravated  cases,  should  never  be 
neglected,  and  treatment  adopted  if  necessary.  I  think,  how- 
ever, that  in  true  catarrhal  cases  of  lachrymal  disease,  the  causes, 
such  as  catarrhal  conjunctivitis,  have  usually  run  their  course, 
leaving  only  the  lachrymal  catarrh  behind.  This  is,  however, 
not  the  case  always,  especially  in  blennorrhoea  or  abscess. 

LACHRYMAL  BLENNORRHEA. 

This  is  but  a  step  forward  from  lachrymal  catarrh.  In 
this  form  the  lachrymal  sac  becomes  distended,  and  mucus 
mingled  with  pus,  may  be  readily  pressed  out  of  the  punc- 
tum  by  the  fingers  of  the  surgeon.  Where  the  condition  has 
existed  for  some  time,  the  patient  is  in  the  habit  of  pressing 
the  muco-pus  out  of  the  sac,  either  into  the  nose  or  upward 
through  the  punctum.     It  will  sometimes  find  its  way,  into  the 
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upper  punctum  and  canaliculus  instead  of  the  lower.  Blennor- 
rhea of  the  sac  is  a  condition  imperatively  requiring  relief,  yet 
bad  as  the  condition  is,  some  patients,  and  not  necessarily  un- 
intelligent persons,  will  go  on  pressing  out  the  muco-pus  for 
years,  rather  than  submit  to  a  dreaded  surgical  operation.  In 
such  cases  the  lachrymal  sac  becomes  greatly  distended,  and 
relief  not  being  afforded,  it  swells  more  and  more,  until  finally 
an  opening  is  made  by  nature  and  a  lachrymal  fistula  is  created. 
Treatment. — Although  the  conditions  are  so  much  worse  and 
the  urgency  greater  in  blennorrhcea,  the  treatment  should  be 
exactly  the  same  as  that  advised  for  lachrymal  catarrh.  Relief 
is  very  apt  to  be  immediate  after  the  opening  of  the  sac.  The 
presence  of  a  fistula,  does  not  change  the  necessity  for  making 
the  opening  through  the  punctum  and  canaliculus.  The  opera- 
tion is  much  more  difficult  on  account  of  the  distortion  of  the 
lids,  and  displacement  of  the  punctum.  Sometimes  the  patient 
must  be  put  under  the  influence  of  general  anaesthesia,  in  order 
to  properly  treat  the  case. 

LACHRYMAL  ABSCESS. 

This  condition,  which  has  been  alluded  to  in  the  preceding 
discussion,  is  rarely,  if  ever,  a  spontaneous  one.  It  may  occur 
in  the  course  of  any  case  of  lachrymal  catarrh.  It  is  a  severe 
disease ;  there  is  great  swelling  of  the  lachrymal  sac  and  lids, 
with  redness,  tension,  while  the  patient  experiences  much  pain; 
the  general  temperature  of  the  body  is  usually  elevated.  So 
great  is  the  swelling,  so  intense  the  redness  of  the  lids,  which 
sometimes  extends  to  the  face,  that  it  is  not  an  extremely  unu- 
sual thing  for  a  practitioner,  who  has  not  had  much  experience 
with  lachrymal  disease,  to  mistake  lachrymal  abscess  for  facial 
erysipelas,  until  the  occurrence  of  a  fistula,  the  escape  of  pus, 
and  the  subsidence  of  the  inflammation  change  the  diagnosis. 
In  any  suspicious  redness  and  swelling  of  this  kind,  it  is  im- 
portant to  make  inquiries  as  to  the  existence  of  a  weeping  eyei 
for  some  time  preceding  the  origin  of  the  swelling.  If  it  be 
found  that  this  has  been  the  case,  a  close  examination  will  soon 
conclusively  show  that  the  origin  of  the  erysipelatous-looking 
inflammation  is  actually  in  the  tear  passages. 
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Treatment. — If  the  patient  be  seen  before  a  considerable 
abscess  has  occurred,  it  maybe  sufficient  to  open  the  canaliculus 
and  probe  the  nasal  duct.  This  should  be  followed  by  the  fre- 
quent use  once  an  hour,  for  fifteen  to  twenty  minutes,  of  fomen- 
tations of  hot  water,  or  even  a  flaxseed  poultice.  If  the  latter 
be  used  it  should  only  be  continued  for  a  few  hours,  and  then 
care  be  taken  that  it  is  applied  only  on  the  sac,  lest  too  great 
relaxation  of  the  tissues  of  the  conjunctiva  occur.  If  it  be  evi- 
dent that  considerable  pus  is  distending  the  sac,  besides  the 
opening  of  the  sac  through  the  punctum  and  canaliculus,  the 
abscess  should  be  opened  by  a  free  incision,  made  preferably 
with  a  Beer's  knife,  or  scalpel  well  down  in  the  brawny  tissue 
to  the  bone.  No  fear  of  a  scar  need  be  entertained,  even  in  the 
case  of  a  beautiful  woman.  There  is  much  redundant  tissue 
here.  I  have  never  known  a  scar  to  occur  after  such  an  opera- 
tion, and  I  have  performed  many.  For  this  reason  I  do  not 
perform  the  more  difficult  operation  of  opening  the  sac  from 
behind.  This  is  merely  to  attempt  to  avoid  that  which  does  not 
occur. 

Lachrymal  blennorrhcea  and  lachrymal  abscess,  are  converted 
into  simple  cases  of  lachrymal  catarrh,  after  the  subsidence  of 
the  acute  symptoms,  and  are  to  be  treated  in  the  manner  that 
has  been  detailed  in  discussing  that  subject. 

Lachrymal  fistula  has  been  sufficiently  alluded  to  in  the 
foregoing  remarks,  to  make  it  only  necessary  to  say,  that  where 
such  a  condition  has  occurred  it  is  to  be  treated  just  as  lachry- 
mal catarrh,  by  opening  the  sac,  through  the  canaliculus,  and 
dilating  the  duct  with  Bowman's  probes. 

CARIES  OF  THE  LACHRYMAL  BONES- DESTRUCTION  OF  THE  SAC. 

In  some  totally  neglected  cases  of  lachrymal  disease,  where 
the  various  stages  of  catarrh,  blennorrhcea,  abscess,  and  fis- 
tula have  been  passed  through,  and  besides  caries  may  have 
occurred,  it  may  be  necessary  to  destroy  the  sac.  These  cases 
occur  chiefly  in  very  poorly  nourished,  perhaps  syphilitic  sub- 
jects. Necrosis  of  the  bone  having  occurred,  even  moderate 
relief  by  probing  is  not  possible.  It  is  better  in  such  cases  to. 
proceed  to  destruction  of  the  sac.  which,  while  it  cannot  afford 
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a  complete  relief  from  the  watery  eye,  does  very  much  to  im- 
prove the  condition  of  the  patient.  The  sac  is  destroyed  in  the 
following  manner.  The  patient  being  under  the  influence  of 
ether,  the  sac  is  freely  opened  and  exposed,  and  its  lining  de- 
stroyed by  the  actual  cautery,  or  fuming  nitric  acid,  or  solid 
nitrate  of  silver.  When  the  acid  is  used,  the  lips  of  the  wound 
are  held  wide  apart,  and  great  care  taken  to  prevent  the  fumes 
of  the  acid  from  reaching  the  cornea.  Noyes  considers  that 
the  relief  afforded  by  this  operation,  is  due  to  the  fact  that  there 
is  no  longer  an  irritation  in  the  sac  to  produce  a  superabundant 
flow  of  tears. '  In  rare  cases,  when  the  nasal  duct  is  entirely 
stopped  up  it  is  necessary  to  drill  through  the  bone.  This  must 
be  done  under  ether.  Subjects  with  lachrymal  disease  requir- 
ing obliteration  of  the  sac  or  drilling  of  the  duct  are  often,  if 
not  usually,  affected  with  congenital  syphilis.  This  disease, 
either  acquired  or  congenital,  must  be  carefully  searched  for  in 
many  forms  of  lachrymal  disease.  Local  treatment  by  itself 
will  be  of  no  avail  without  the  constitutional  remedies,  in  cases 
where  syphilis  is  one  of  the  causes. 

Dr.  Osborne,  of  Hamilton,  Canada,  calls  attention  to  the 
well-known  fact,  but  one  not  always  fully  recognized,  that  there 
may  be  what  he  terms  pathological  weeping,  when  all  the 
lachrymal  passages  are  in  excellent  condition.  I  have  very 
lately  seen  a  marked  case  of  this  kind,  in  a  physician  of  about 
fifty  years  of  age.  His  eyes  were  constantly  bathed  in  tears, 
and  yet  the  conjunctiva  and  lachrymal  passages  gave  no  evi- 
dence of  disease.  There  was  no  disease  of  the  fundus  oculi. 
Under  the  use  of  a  lotion  of  acetico-tartrate  of  alumen,  one  grain 
to  the  ounce,  in  about  a  month  the  watering  was  greatly  re- 
lieved. Here  the  conjunctiva  was  probably  the  source  of  the 
trouble,  although  it  gave  no  evidence  of  it  by  redness  or  swell- 
ing. Dr.  Osborne  recommends  the  injection  of  the  punctum 
and  nasal  duct  with  a  blunted  hypodermic  syringe  to  determine 
whether  or  not  the  nasal  ducts  be  occluded  before  operating  in 
these  cases  of  general  suffusion  of  the  eyes.  When  the  tears 
cannot  be  pressed  out  from  the  punctum,  by  vigorous  pressure 
on  the  lachrymal  sac,  there  will  be  doubt  as  to  whether  the  sit- 

1  "  Treatise  on  the  Eye, "  page  282. 
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nation  of  the  excessive  secretion  may  not  be  in  the  conjunctiva, 
and  there  be  no  stricture  in  the  lachrymal  passages.  It  is  not 
necessary  that  there  be  marked  conjunctival  hyperemia. 
Where  this  is  the  case,  a  nasal  catarrh  sometimes  co-exists, 
with  a  general  watering  of  the  eyes,  and  yet  there  may  be  no 
obstruction  in  the  puncta,  sac,  or  ducts. ' 

The  surgeon  will  very  properly  exercise  considerable  discrim- 
ination before  resorting  to  what  is  always  a  very  painful  pro- 
cedure, dividing  the  canaliculus  and  probing  the  nasal  duct. 

The  prolonged  use  of  hot-water  fomentations,  by  means  of 
absorbent  cotton,  say  for  ten  minutes  at  a  time,  every  two 
hours,  will  sometimes  render  surgical  interference  unnecessary. 

One  of  the  eyelashes  may  enter  the  lachrymal  punctum, 
and  become  a  source  of  annoyance  the  cause  of  which  is  some- 
times overlooked.  Such  patients  complain  of  sensations  as  if 
something  were  in  the  corner  of  the  eye,  and  a  close  examina^ 
tion  will  reveal  the  cause  of  the  trouble. 

1  'Pathological  Weeping,"  Osborne,  June  4th,  1891. 
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FOREIGN   BODIES. 

Foreign  bodies  upon  the  conjunctiva  are  not  usually  mat- 
ters of  serious  consequence.  They  are  easily  removed,  and  they 
leave  little  behind,  if  the  removal  be  prompt  and  timely,  trou- 
blesome as  they  may  be  for  the  victims  of  them.  The  most 
frequent  source  of  their  coming  upon  the  conjunctiva,  is  rail- 
way travel,  and  they  are  then  usually  cinders  from  the  loco- 
motive. On  windy  days,  however,  any  small  particles  that 
may  be  flying  about  the  air  may  lodge  in  the  conjunctival  sac; 
such  are  very  small  pieces  of  stone  from  stone  cuttings,  saw- 
dust, grains  of  sand,  and  the  like.  As  a  preliminary  exam- 
ination for  any  case  of  suddenly  occurring  pain  referred  to  the 
conjunctiva  or  eye  in  general,  a  search  for  a  foreign  body  is 
always  in  order.  The  most  minute  bodies,  only  to  be  detected 
by  acute  vision,  aided  by  artificial  light,  and  a  convex  glass, 
may  cause  considerable  pain,  with  an  attendant  sense  of  some- 
thing scratching  the  eye,  photophobia,  and  lachrymation.  On 
the  other  hand,  patients  who  have  lately  suffered  from  the 
presence  of  a  foreign  body  on  the  conjunctiva,  which  has  found 
its  way  out  with  the  rubbing  generally  practised,  or  from  the 
flow  of  tears  excited  by  it,  often  seek  an  examination  to  deter- 
mine if  a  foreign  body  be  not  in  the  eye,  the  sensation  imme- 
diately after  the  removal  sometimes  being  nearly  as  unpleasanl 
as  when  the  foreign  body  actually  was  there.  In  not  a  few 
cases,  during  the  treatment  of  trachoma,  or  conjunctivitis,  for- 
eign bodies  have  been  found  in  the  conjunctiva  which  have  been 
overlooked  by  previous  examiners,  and  upon  which  inflamma- 
tion has  supervened,  and  covered  up  the  source  of  trouble.     In 
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one  case  at  the  hospital,  a  hit  of  wood  at  least  one-half  of  an 
inch  long  was  found  buried  in  the  trachomatous  tissue  of  the 
upper  lid.  In  another,  in  private  practice,  that  of  a  child,  who 
had  been  climbing  a  cherry  tree  a  week  before,  a  bit  of  branch 
of  the  tree  had  been  lodged  under  the  lid,  and  remained  there 
while  the  patient  was  being  treated  for  an  inflamed  eye,  by  a 
practitioner  who  had  neglected  to  thoroughly  examine  the  con- 
junctival sac. 

One  exception  must  be  made  to  the  statement  that  foreign 
bodies  are  easily  removed  from  the  conjunctival  sac.  Grains 
of  powder,  such  as  get  into  the  face  from  accidental  explosions, 
must  often  be  removed  by  tedious  picking  at  the  conjunctiva  or 
by  cutting  them  out.  Usually,  however,  foreign  bodies  are  re- 
moved, by  lifting  them  up  from  the  conjunctiva  with  a  bit  of 
soft  muslin,  a  handkerchief,  a  spud,  or  the  like.  If  the  foreign 
body  be  buried  in  the  conjunctiva,  it  is  of  course  necessary  to 
instill  a  solution  of  cocaine  before  manipulating.  The  method 
of  everting  the  upper  lid  easily  and  without  inflicting  pain  upon 
the  patient  has  been  already  described  in  Chapter  VII.  The 
surgeon  should  make  himself  perfect  in  this  small  but  important 
operation,  before  setting  out  to  practise,  even  if  he  be  not  spe- 
cially devoted  to  the  treatment  of  diseases  of  the  eye.  The 
general  practitioner  stands  in  as  much  need  of  knowing  this 
manipulation,  as  does  an  ophthalmic  surgeon. 

It  is  well  to  caution  patients  not  to  use  so-called  eye-stones, 
to  remove  foreign  bodies.  When  they  are  efficacious,  it  is  by 
very  clumsy  and  not  entirely  safe  means,  for  they  remove  the 
foreign  body  by  placing  another  in,  which  excites  a  great  flow 
of  tears,  which  if  strong  enough  sometimes  dislodges  the  for- 
eign bod}%  and  brings  it  out.  Patients  if  not  able  to  learn  to 
evert  their  own  lids,  may  rub  the  upper  lid  downward  for  some 
moments.  This  manoeuvre  is  often  sufficient  to  dislodge  a  for- 
eign body. 

INJURIES  FROM   LIME.    MORTAR,    ACIDS,    AND  SO   FORTH. 

Unfortunately  for  the  patient,  these  are  not  generally  im- 
mediately seen  on  their  occurrence  by  a  surgeon.  But  if  they 
were  it  would  not  be  always  in  time  to  prevent  serious  conse- 
quences from  the  burning  of  the  conjunctiva  and  cornea.     The 
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fellow -workmen  of  the  patient,  usually  have  enough  knowledge 
to  make  a  proj^er  application,  that  will  limit  in  some  degree  the 
deplorable  consequences  of  such  an  injury. 

Treatment. — When  lime  or  a  similar  caustic  alkali  enters  the 
eye,  it  should  be  immediately  neutralized  by  a  weak  acid.  Vin- 
egar is  very  efficacious  and  generally  convenient.  Oil  should 
then  be  freely  used  to  keep  the  parts  well  lubricated  and  thus 
diminish  the  pain.  If  the  cornea  have  been  injured,  or  the 
conjunctiva  very  severely  hurt,  a  solution  of  atropia,  gr.  ij.  to 
gr.  iv.  ad  3L,  should  be  instilled,  two  or  three  times  in  twenty- 
four  hours.  Cold  applications  will  be  usually  grateful  for  twen- 
ty-four or  forty-eight  hours  after  such  injuries. 

Traumatic  conjunctivitis  does  not  usually  occur  in  the  pur- 
ulent form,  and  with  very  simple  treatment,  it  subsides  without 
doing  permanent  injury,  unless  the  wound  or  burn  has  been 
deep  enough  to  destroy  the  conjunctiva,  when  symblepharon 
may  result.  If  the  conjunctiva  or  cornea  be  deeply  or  extremely 
burned,  symblepharon  will  be  sure  to  occur  in  the  former  case, 
and  opacity  of  the  cornea  in  the  latter,  in  spite  of  most  intelli- 
gent and  careful  treatment. 

The  cases  of  lime  in  the  eye,  after  the  removal  of  the  foreign 
body,  should  be  considered  as  cases  of  keratoconjunctivitis  and 
be  treated  according  to  the  severity  of  the  symptoms.  The  use 
of  astringents  is  to  be  avoided.  In  some  rare  cases  heated 
metal  may  be  splashed,  into  the  eyes,  and  yet  do  very  little 
harm.  In  such  instances,  the  metal  cools  very  rapidly,  instan- 
taneously forms  a  lining  to  the  conjunctival  sac  and  a  cover  to 
the  cornea,  which  may  be  lifted  off  by  a  probe.  A  chamber  has 
formed  in  consequence  of  the  steam  arising  from  the  melted 
metal,  which  protects  the  conjunctiva  and  cornea,  from  that 
which  would  otherwise  burn  its  tissue  beyond  repair.  These 
fortunate  cases  seem  very  remarkable;  one  opens  the  closed 
lids  and  lifts  off  the  shell  of  metal,  expecting  to  find  the  tissue 
destroyed  beneath,  yet  happily  it  is  well  protected,  and  nothing 
but  a  mild  form  of  conjunctivitis  results. 

SUB- CONJUNCTIVAL  HEMORRHAGE. 

This  is  not  an  uncommon  occurrence  as  a  consequence  of  rup- 
ture of  the  vessels  of  the  conjunctiva,  without  previous  injury. 
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By  itself  it  is  a  disease  without  any  special  significance,  as  it 
occurs  with  no  other  lesion  in  the  body  in  young  and  old,  feeble 
and  strong  alike.  It  may  occur,  however,  after  very  violent  ex- 
ertion, like  sneezing,  coughing,  and  so  forth.  It  is  sometimes  a 
symptom  in  scurvy  and  Bright's  disease.  It  may  also  occur  in 
nervous  exhaustion,  and  as  a  result  of  strain  of  the  accommoda- 
tion in  uncorrected  refractive  anomalies.  The  prognosis  or  signi- 
ficance of  each  case  is  to  be  judged  by  itself,  for  it  may  mean 
nothing  of  vital  importance,  and  it  may  be  on  the  other  hand  an 
indication  of  serious  deterioration  of  the  blood-vessels.  Naturally 
it  is  a  symptom  that  may  arise  from  operations  upon  the  eye- 
ball or  muscles,  or  from  injuries  of  the  orbit. 

Treatment. — Cold  water  applications  followed  by  slightly 
stimulating  lotions  are  comfortable  to  the  patient,  and  they 
may  hasten  the  absorption  of  the  effused  blood,  but  the  latter 
is  not  certainly  known.  Many  cases  seem  to  me  to  get  well 
without  especial  treatment,  as  fast  as  when  lotions  are  used. 

(Edema  is  a  symptom  occurring  in  various  forms  of  con- 
junctival disease  or  injury.  It  may  also  be  a  senile  change, 
and  occur  in  advanced  Bright's  disease.  A  compress  and  ban- 
dage are  useful  in  extreme  cases. 

Emphysema  of  the  conjunctiva,  sometimes  occurs  from 
fracture  of  the  nose,  and  from  lachrymal  disease.  The  swelling 
is  characterized  by  crepitation.  A  pressure  bandage  may  be 
applied  if  the  symptom  be  troublesome.  If  this  is  done,  it 
should  be  removed  at  least  twice  in  twenty-four  hours,  lest  it 
be  doing  harm,  or  lest  other  applications  be  called  for.  Serious 
cellulitis  may  possibly  be  caused  by  the  undue  tightness  of  a 
bandage  in  such  cases. 
17 


CHAPTER    XIV. 
INFLAMMATORY  AFFECTIONS  OF  THE  CONJUNCTIVA. 

Classification  of  Conjunctivitis. — A  Healthy  Conjunctiva. — Catarrhal  Conjunc- 
tivitis, Causes,  Treatment. —  Blennorrhcea. —  Purulent  Inflammation  or 
Pyorrhoea. — Ophthalmia  Neonatorum.  — Gonorrhoeal  Conjunctivitis. 

The  inflammatory  affections  of  the  conjunctiva  are  divided 
naturally  into  the  following  forms: 

Hyperemia.  Catarrhal  inflammation.  Blennorrhcea.  Py- 
orrhoea or  purulent  inflammation.  Granular  conjunctivitis  (tra- 
choma). Phlyctenular  conjunctivitis.  Diphtheritic  conjuncti- 
vitis. 

Hyperemia,  that  is  to  say,  an  enlargement  and  increase  in 
the  number  of  the  blood-vessels  of  the  conjunctiva,  without  in- 
crease of  the  secretion,  is  usually  either  symptomatic  of  uncor- 
rected refractive  anomalies,  the  recent  presence  of  a  foreign 
bod}%  or  of  the  onset  of  an  inflammation.  The  cause  should 
be  carefully  sought  out,  and  the  treatment  be  directed  accord- 
ingly. It  is,  I  think,  sometimes  possible  to  abort  an  imminent 
inflammation  of  the  conjunctiva,  by  timely  applications  of  iced 
cloths,  and  an  application  of  a  solution  of  nitrate  of  silver,  say 
ten  grains  to  the  ounce.  Hyperemia  of  the  conjunctiva,  some- 
times results  from  permanent  conditions  and  is  incurable.  It  is 
sometimes  the  intimation  of  coming  iritis,  after  cataract  extrac- 
tion, but  slight  conjunctival  hyperemia  is  the  rule,  after  this 
operation,  and  after  an  iridectomy,  whether  iritis  occurs  or  not. 
It  is  important  here,  as  elsewhere,  in  surgery  that  the  prac- 
titioner accustom  himself  to  the  examination  and  mental  de- 
scription of  a  healthy  conjunctiva.  The  characteristics  of  a 
healthy  conjunctiva  are: 

1 .  Light  salmon  color. 

2.  The  individual  vessels  maybe  traced  out  in  the  upper  and 
lower  palpebral  conjunctiva. 
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3.  At  each  canthus  the  redness  is  more  dense,  that  is  to 
say,  the  vessels  are  more  numerous. 

4.  The  conjunctiva  of  the  lids  has  a  smooth  silky  appear- 
ance, so  that  it  appears  as  smooth  as  the  surface  of  a  delicate 
serous  membrane,  like  the  peritoneum. 

CATARRHAL  CONJUNCTIVITIS. 

The  characteristics  of  catarrhal  conjunctivitis,  are  a' net- 
work redness  of  the  conjunctival  vessels,  an  increased  secre- 
tion of  mucus,  with  perhaps  a  reddish  line  along  the  edge  of 
the  lids,  involving  the  Meibomian  follicles. 

A  classification  of  the  various  forms  of  conjunctivitis  is  in 
its  very  nature  an  artificial  one,  for  one  form  may  run  into  the 
other,  two  varieties  may  occur  at  the  same  time,  and  appar- 
ently different  causes  may  produce  diseases  not  to  be  distin- 
guished from  each  other.  The  above  may  be  considered  the 
characteristics  of  an  average  case.  In  the  present  state  of  the 
germ  theory  of  disease,  it  is  impossible  to  say  that  the  specific 
bacillus  found  in  the  secretion  of  the  conjunctiva,  in  the  partic- 
ular form  of  inflammation,  is  or  is  not  the  essential  cause  of  the 
disease.  There  must  not  only  be  a  specific  germ  to  cause  a 
disease,  but  also  a  soil  in  which  it  is  to  grow.  Certain  it  is  that 
all  inflammations  of  the  conjunctiva  are  contagious,  and  that 
the  contagious  property  increases  in  intensity,  in  the  ascending 
forms.  Blennorrhcea  is  more  highly  contagious  than  catarrh, 
and  pyorrhoea  more  than  blennorrhcea.  The  older  an  inflamma- 
tion of  the  conjunctiva,  the  less  intense  its  contagious  properties. 
From  a  clinical  standpoint,  catarrhal  conjunctivitis  is  charac- 
terized by  increased  secretion  from  the  conjunctiva,  and  enlarge- 
ment of  its  blood-vessels.  In  the  form,  unmixed  with  phlycten- 
ular disease,  and  occurring  in  persons  in  good  strength,  there  is 
very  little  photophobia,  and  no  running  out  of  the  tears  in  a 
stream,  when  the  lids  are  forcibly  opened.  As  a  matter  of  fact 
the  patient  opens  the  eyes  readily  in  the  simpler  forms  of  the 
disease,  that  is,  without  dread  of  light.  The  lids  become  easily 
glued  together  at  night,  and  it  is  with  difficulty  that  the  patient 
opens  them,  after  sleep. 

Causes. — The  exciting  causes  of  catarrhal  conjunctivitis  are 
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numerous.  Contagion  stands  in  the  front  rank.  If  one  scholar 
in  a  school,  or  one  member  of  a  family,  contracts  the  disease, 
unless  great  care  is  exercised,  many  or  all  the  members  of  the 
same  school  or  family  will  become  affected.  The  contagious 
property  may  be  in  the  air,  and  deposited  from  one  conjunctiva 
to  another.  It  may  more  commonly  be  introduced  by  the  im- 
proper habit  of  different  persons  using  the  same  towels,  occupy- 
ing the  same  bed,  or  the  like.  It  is  a  disease  which  sometimes 
is  epidemic  in  communities.  It  is  generally  known  as  "pink 
eye,"  when  this  occurs.  Spring  catarrh,  is  also  a  name  used  by 
the  Germans  to  designate  this  epidemic  form  of  catarrhal  con- 
junctivitis. It  is  also  excited  by  strain  of  the  accommodation, 
by  long-continued  occupation  upon  fine  objects,  especially  in 
persons  whose  eyes  are  not  entirely  sound,  or  in  those  who  have 
errors  of  refraction,  worthy  of  correction,  and  who  do  not  use 
glasses.  How  to  reconcile  this  with  the  claim  that  in  every  case 
there  is  a  specific  germ,  causing  an  inflammation,  it  is  impossi- 
ble for  me  to  say.  I  am  inclined  to  the  opinion  that  the  germs 
may  exist  in  healthy  eyes,  and  be  excited  into  activity  by  me- 
chanical or  chemical  causes.  A.  Jacobi  (New  York)  goes  so  far 
as  to  say  that  diphtheria  cannot  occur  in  a  sound  mucous  mem- 
brane; in  other  words,  that  a  soil  for  the  disease  must  be  pre- 
pared before  the  germ  will  act.     This  opinion  I  indorse. 

Tobacco  smoke,  dusty  places,  strong  wind,  the  glare  of  the 
sun,  excessive  indulgence  in  spirituous  drinks,  all  become  causes 
of  catarrhal  conjunctivitis,  although  in  certain  persons  they 
may  only  cause  hyperemia  of  the  conjunctiva,  while  in  others 
a  true  inflammation  is  produced.  Catarrhal  conjunctivitis,  es- 
pecially in  its  acute  form,  is  very  amenable  to  treatment.  In 
fact  it  is  a  self-limited  disease  in  many  cases.  When  it  becomes 
chronic  and  depends  upon  causes  that  cannot  easily  be  removed, 
it  is  often  incurable. 

Treatment. — In  mild  cases  of  acute  conjunctivitis  this  may 
be  entirely  expectant,  as  far  as  local  applications  are  concerned. 
The  patient  should  simply  desist  from  any  occupations  or  abode 
that  may  conduce  to  increase  or  maintain  the  inflammation  of 
his  eyes.  He  should  go  about  in  the  fresh  air,  protect  the  eyes 
with  a  broad -brimmed  hat  or  veil  or  colored  glasses,  from  bright 
light  or  wind  if  necessary.     If  the  light  is  not  disagreeable  and 
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there  is  no  wind,  very  little  protection  will  be  necessary.  Under 
such  hygienic  care,  together  with  the  use  of  a  solution  of  salt 
and  water,  or  boric  acid  and  water,  or  pure  water  alone,  for. 
cleansing  the  eye,  and  smearing  the  edge  of  the  lids  at  bedtime 
with  a  little  benzoated  lard  or  vaseline  or  cold  cream,  or  simple 
cerate,  the  secretion  diminishes  in  a  few  days,  the  congestion 
disappears,  and  the  patient  has  fully  recovered.  But  each  case 
must  be  studied  by  itself.  Some  cases,  although  not  severe, 
will  not  disappear  under  expectant  treatment.  Then  local 
means  must  be  employed.  The  cause  for  the  attack  must  of 
course  be  searched  out,  and  removed  if  possible.  The  use  of  a 
ten-grain  solution  of  nitrate  of  silver  carefully  brushed  on  the 
palpebral  conjunctiva  will,  at  times,  cut  short  an  attack  of 
catarrhal  conjunctivitis  of  a  mild  type.  This  should  be  followed 
up  by  the  instillation  of  a  solution  of  alum,  one  to  two  grains  to 
the  ounce,  or  a  solution  of  sulphate  of  zinc  in  the  same  strength 
by  the  patient.  These  two  agents  form  the  best  means  of  abat- 
ing the  congestion  in  acute  catarrhal  conjunctivitis.  The  use 
of  bichloride  of  mercury  is  of  late  very  much  advocated,  on 
account  of  its  supposed  properties  as  a  germicide,  but  it  is  not 
certain  but  that  alum  and  the  sulphate  of  zinc,  have  the  same 
qualities,  as  far  as  antisepsis  or  asepsis  is  concerned.  They  have 
stood  the  test  of  a  century  of  trial,  and  are  well  worthy  of  the 
confidence  heretofore  reposed  in  them,  whatever  may  be  the 
principles  upon  which  they  act.  Alum  in  crystal,  tannic  acid 
and  glycerin,  a  spray  of  tannic  acid  and  borax  and  camphor  are 
better  adapted  for  chronic  or  exceedingly  mild  forms  of  catar- 
rhal conjunctivitis.  Cold  applications,  iced  cloths,  or  very  hot 
water  may  be  used  by  the  patient  during  the  day,  according  to 
the  severity  of  the  subjective  symptoms,  such  as  sensations  of 
sand,  sticks,  foreign  bodies  in  the  eye,  heat,  burning,  and  so 
forth.  After  the  subsidence  of  an  acute  catarrhal  conjunctivitis 
or  during  the  course  of  a  mild  or  chronic  form  of  the  disease, 
the  refraction  should  be  examined,  especially  as  to  the  existence 
of  hypermetropia  or  astigmatism.  For  just  as  it  is  the  last 
straw  that  breaks  the  earners  back,  so  a  strain  of  accommoda- 
tion is  often  the  predominant  factor  in  the  production  of  an 
attack  of  catarrhal  conjunctivitis. 
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BLENNORRHEA. 

The  characteristics  of  blennorrhoea  of  the  conjunctiva,  are 
considerable  swelling,  with  a  reddish  tint  of  the  integument  of 
the  lids,  and  a  great  increase  of  conjunctival  secretion  of  a 
muco-purident  character. 

It  is  sometimes  hard  to  draw  the  line  between  catarrh  and 
blennorrhoea,  and  yet  it  should  be  carefully  drawn  by  every  prac- 
titioner, if  he  would  do  full  justice  to  his  case.  In  pure  catarrh 
only  mucus  is  secreted  by  the  conjunctiva :  in  blennorrhoea,  mucus 
and  pus  are  secreted.  The  greater  the  production  of  pus  the 
more  urgent  is  the  case,  but  in  any  event  blennorrhoea  is  a  serious 
disease,  which  may  at  any  moment  advance  to  be  a  pyorrhoea 
and  destroy  or  injure  the  cornea  and  the  sight.  A  case  of  blen- 
norrhoea should  be  treated  with  much  more  circumspection  and 
zeal  than  one  of  catarrh.  The  swelling  of  the  lids,  the  congestion 
of  the  conjunctival  vessels  will  be  much  greater,  the  secretion 
more  copious  and  dangerous.  It  will  be  well,  therefore,  to  keep 
the  patient  entirely  away  from  his  usual  occupations,  perhaps  al- 
lowing him  to  go  into  the  open  air,  at  stated  intervals.  While  he 
is  lying  down,  iced  applications  should  be  made  to  his  closed  lids, 
for  fifteen  to  thirty  minutes  continuously,  every  one,  two,  or 
three  hours  according  to  circumstances.  He  should  if  possible 
have  an  attendant,  and  he  and  his  belongings  should  be  quar- 
antined from  all  persons  with  sound  eyes ;  the  greatest  precau- 
tions should  be  taken  with  all  the  instruments  and  applications 
made  to  the  eye,  to  secure  cleanliness,  and  prevent  contagion. 
The  absorbent  cotton  and  old  linen,  used  in  making  the  applica- 
tions, should  be  burned  after  use,  and  all  the  patient's  under- 
clothing should  be  carefully  kept  apart  from  others  in  washing, 
while  the  laundress  is  warned  of  its  dangerous  character. 
Nitrate  of  silver  in  solution,  from  five  to  twenty  grains  to  the 
ounce,  should  be  applied  to  the  palpebral  conjunctiva,  once  or 
twice  a  day,  by  the  surgeon ;  while  a  solution  of  alum,  two 
grains  to  the  ounce,  may  be  used  by  the  nurse  or  the  patient 
himself  as  a  collyrium.  If  great  pain  oc^ur,  which  is  not  read- 
ily controlled  by  the  iced  cloths,  hydrochlorate  of  cocaine,  eight 
grains  to  the  ounce,  should  be  dropped  into  the  eyes  according 
to  circumstances.     When  using  cocaine  for  pain,  the  eyes  should 
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be  flooded  with  it.  This  requires  the  use  of  from  ten  to  thirty 
drops  at  each  instillation.  If  necessary,  on  account  of  pain, 
morphia  may  be  given  at  night,  but  this  is  not  often  required. 
Boric  acid  in  the  water  for  washing  the  eyes  is  more  bland  than 
ordinary  water.  As  the  swelling  of  the  lids  and  other  symp- 
toms abate,  the  iced  cloths  and  nitrate  of  silver  should  be  dis- 
continued, and  a  crystal  of  alum  used  by  the  surgeon  on  the 
everted  lids,  or  a  solution  of  the  same,  by  the  patient.  The  lids 
should  be  smeared  with  benzoated  lard  or  vaseline  at  all  stages 
of  the  disease,  after  applications  are  finished.  If  the  conjunc- 
tiva remains  thickened  or  trachomatous,  after  the  violent  stage  of 
the  disease  has  subsided,  this  should  be  carefully  treated,  until 
complete  recovery  has  resulted.  Much  trachoma  has  occurred 
from  neglected  catarrhal  conjunctivitis  and  from  the  advanced 
stages  of  the  disease. 

PURULENT  CONJUNCTIVIS— PYORRHOEA. 

The  characteristics  of  purulent  inflammation,  are  great 
swelling,  tension,  and  redness  of  the  integument  of  the  lids — 
so  that  the  eyes  can  be  scarcely  opened  by  the  patient  himself, 
— great  redness  of  the  conjunctiva,  with  a  band-like  swelling 
around  the  cornea  and  a  very  abundant  purulent  secretion. 

The  picture  of  this  condition  of  the  conjunctiva,  of  purulent 
ophthalmia  or  purulent  conjunctivitis,  is  but  a  highly  drawn 
one  of  blennorrhcea.  The  lids  are  very  much  swollen ;  at  the 
height  of  the  disease  they  are  so  tense,  that  it  is  with  great 
difficulty  that  they  can  be  opened ;  when  held  apart,  by  the 
fingers  or  an  elevator,  the  pus  streams  out  thicker  and  more 
yellow,  according  to  the  vigor  of  the  patient  and  the  stage  of 
the  disease.  The  lids  are  sometimes  of  a  brilliant  red  color,  the 
whole  conjunctival  surface  is  swelled  and  brawny,  no  trace  of 
individual  vessels  is  to  be  seen,  and  around  the  cornea  it  is  lifted 
up,  so  as  to  form  a  wall  about  it  (chemosis).  The  cornea  in  the 
early  stages  is  brilliant,  but  it  is  very  apt  to  become  involved, 
its  epithelium  removed,  and  if  the  progress  of  the  disease  be  not 
checked,  its  structure  breaks  down  entirely.  An  ominous  signal 
of  the  occurrence  of  this  is  a  line  around  the  margin  of  the 
cornea  of  infiltration  and  softness,  which  presages,  if  not  the 
ruin,  at  least  the  great  injury  to  the  sight. 
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PURULENT  CONJUNCTIVITIS   IN   INFANTS. 

This  disease,  when  occurring  in  infants,  is  known  as  the 
ophthalmia  of  the  early  born — ophthalmia  neonatorum.  Al- 
though the  same  disease  in  character  as  that  occurring  in 
older  subjects,  it  deserves  especial  mention  and  description.  It 
usually  begins,  as  will  be  seen,  if  the  eyes  are  carefully  ex- 
amined, at  birth,  as  a  mild  inflammation,  but  if  unchecked  it 
advances  very  rapidly,  and  in  forty -eight  hours  it  may  be  at 
the  height  of  its  severity,  where  it  will  remain  for  some  days. 
The  symptoms  are  those  that  have  just  been  narrated.  In  some 
cases  they  are  less  severe,  when  the  case  may  be  fairly  called 
one  of  blennorrhcea  only.  The  origin  of  purulent  ophthalmia 
in  infants  is  probably  always  from  the  secretions  of  the  mother's 
genitals,  although  it  is  to  be  conceived  that  a  child  might  be  born 
with  sound  eyes,  that  are  protected  by  the  amnion,  and  that 
they  may  become  infected  by  the  dressings  or  the  hands  of 
the  nurse,  which,  however,  have  been  infected  by  the  secretions 
of  the  mother. 

Treatment. — Preventive  treatment  of  ophthalmia  neonato- 
rum. The  practitioner  should  take  great  care  of  all  women  with 
leucorrhcea,  who  are  about  to  be  confined,  use  local  antiseptics. 
Crede  advises  a  two-per-cent  solution  of  nitrate  of  silver  to  be 
dropped  into  the  eyes  of  all  the  newly  born  immediately  after 
birth,  and  Garrigues  (New  York)  indorses  this  view  from  a  large 
experience  in  lying-in-hospital  service  and  private  practice. 
Schmidt-Rimpler  advises  chlorine  water  instead  of  nitrate  of 
silver,  as  being  less  irritating.  Certainly  all  precautions  should 
be  taken.  This  abortive  treatment  has  reduced  the  percentage 
of  purulent  ophthalmia  in  lying-in  hospitals,  especially  in  Mater- 
nity hospitals.  If  the  disease  has  once  appeared  it  may  be  a 
mere  catarrh,  or  very  mild  blennorrhcea,  which  is  easily  subdued 
by  cleanliness  with  boric  acid  and  water,  ointments  to  the  lids, 
and  general  hygiene.  But  if  the  disease  be  actually  a  severe  one 
of  blennorrhcea,  or  if  it  be  of  an  entirely  purulent  character,  the 
surgeon  will  require  all  his  resources,  lest  the  cornea  become  in- 
vaded, and  the  infant  lose  its  sight.  As  soon  as  the  formation 
of  pus  occurs  in  any  quantity,  thorough  cleanliness  must  be  the 
watchword.     This  is  best  attained  by  the  use  of  absorbent  cot- 
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ton,  dipped  in  a  solution  of  boric  acid  in  tepid  water.  The  little 
patient  should  be  held  upon  the  surgeon's  lap  for  the  purpose, 
he  being  thoroughly  protected  by  napkins  and  so  forth.  It  may 
be  said  here  that  there  is  especial  danger,  in  all  cases  of  blennor- 
rhcea  or  pyorrhoea,  that  the  surgeon  or  attendant  may  infect 
himself  by  the  transference  of  material  from  the  patient's  eyes 
to  his  own.  This  is  especially  apt  to  occur,  if  the  surgeon  is  not 
careful  in  opening  the  lids  at  each  new  examination  of  the 
patient,  or  in  syringing  out  the  conjunctival  sac.  If  a  surgeon 
have  many  patients  to  see,  unless  he  can  count  upon  himself  to 
be  always  on  his  guard,  he  may  wear  large,  protective  glasses. 

A  mild  form  of  blennorrhcea  of  the  conjunctiva,  associated 
with  trachoma,  may  be  chronic  and  epidemic,  when  large  num- 
bers of  children  are  together  in  large  cities,  as  in  orphan  asy- 
lums, large  schools,  or  the  like.  It  sometimes  invades  armies, 
and  incapacitates  as  many  as  a  battle. 

Gonorrheal  conjunctivitis  is  of  the  same  form.  It  is  im- 
possible to  distinguish  it  from  any  purulent  conjunctivitis,  ex- 
cept by  the  specific  gonococcus,  and  it  is  not  absolutely  settled 
that  it  may  then  be  from  purulent  conjunctivitis  or  blennorrhcea 
arising  from  other  sources  of  contagion.  It  is  probable  that 
some  cases,  where  we  are  unable  to  trace  the  contagion,  the 
patient  not  being  affected  with  gonorrhoea  at  the  time,  or  never 
having  had  it,  are  really  due  to  this  cause.  Although  there  may 
be  a  few  cases  of  purulent  conjunctivitis  here  and  there,  that 
have  advanced  by  evolution  as  it  were,  from  ordinary  catarrhal 
conjunctivitis  to  blennorrhcea  and  pyorrhoea,  the  vast  majority 
of  the  severe  forms  of  catarrhal  conjunctivitis  may  be  traced  to 
contagion. 

There  was  an  interesting  case  tried  in  one  of  our  courts,  a 
IVw  years  ago,  when  a  mild  blennorrhcea  or  catarrh,  with  tra- 
choma, suddenly  on  exposure  to  a  cold  wind  became  a  purulent 
inflammation  which  destroyed  the  eye.  The  prosecution  claimed 
that  the  eye  was  lost  from  contagion  with  an  infected  brush. 
But  as  it  was  shown  that  the  brush  used  was  dipped  in  nitrate 
of  silver,  before  being  applied  to  the  conjunctiva,  that  it  was 
properly  held,  that  there  could  be  no  contagion  from  such  a 
source,  even  if  it  had  been  previously  used  In  a  case  of  blennor- 
rhcea, which  was  not  shown  as  admitted.     It  was  properly  held 
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also  that  the  advance  from  trachoma  to  blenDorrhoea  and  puru- 
lent inflammation  could  easily  be  made  under  no  other  pro- 
vocation than  undue  exposure. 

In  our  time,  camers-hair  brushes  have  been  superseded  by 
absorbent  cotton  for  all  applications  to  the  conjunctiva,  and 
even  the  suspicion  of  contagion  by  the  use  of  the  same  brush  on 
different  patients  is  avoided. 

The  treatment  of  purulent  conjunctivitis  in  adults  is  the 
same  in  principle  as  that  in  infants — absolute  cleanliness  at  the 
hands  of  a  trained  attendant,  if  possible,  cold  applications  until 
the  swelling  and  redness  of  the  integument  of  the  lids  begin  to 
abate;  after  that  ten  grains  nitrate  of  silver  in  solution,  not 
the  solid  stick  of  nitrate  of  silver,  or  nitrate  of  silver  and  nitrate 
of  potash,  with  the  use  of  mild  astringents  and  soothing  instil- 
lations during  the  day.  The  vaseline  treatment  introduced  by 
Dr.  F.  M.  Wilson,  of  Bridgeport,  has  many  advocates.  In  this 
treatment  the  conjunctival  sac  is  kept  filled  with  vaseline,  after 
cleansing  and  applications  have  been  made. 

Snipping  the  vessels  of  the  conjunctiva,  especially  those 
about  the  cornea,  where  great  swelling  of  the  ocular  conjunc- 
tiva occurs,  is  an  old-fashioned  mode  of  treatment,  which  I  find 
of  some  avail. 

The  importance  of  the  subject  may  justify  a  tabulation  of 
the  treatment: 

TABLE  TO  SHOW  TREATMENT  OF  PURULENT  CONJUNCTIVITIS. 
EARLY    STAGES. 

1.  Hourly  cleansing  of  the  conjunctival  sac  with  absorbent  cot- 

ton,  and  saturated  solutions  of  boric  acid  or  borax  and 
water. 

2.  Cold  applications  by  iced  cloths. 

3.  Free  use  of  vaseline  to  the  lids  and  surroundings. 

LATER   STAGES. 

1.  Daily  applications  of  nitrate  of  silver,  gr.  v.  or  x.  ad  f  i.,  or 

frequent  (every  two  hours)  applications  of  4-^  grain  to  the 
ounce,  in  spray,  until  the  epithelium  of  the  cornea  is  coated. 

2.  The  dropping  in  of  astringents  by  the  attendant. 
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At  the  same  time  the  patient's  general  condition  should  be 
carefully  attended  to,  especially  with  reference  to  the  nutrition. 

It  may  be  of  service  in  the  early  days  of  excessive  tension  of 
the  integument,  to  divide  it  by  a  canthotomy,  or  to  cut  the  lid 
vert  ically.  If  the  cornea  begins  to  be  invaded,  the  use  of  atropia 
is  indicated.  As  the  disease  passes  into  the  less  severe  stages, 
the  treatment  should  of  course  be  moderated,  and  that  for 
catarrh  or  mild  blennorrhcea  substituted. 

Dr.  Buller,  of  Montreal,  recommends  that  the  sound  eye  in 
adults  be  protected  by  a  large  glass  shield,  like  the  crystal  of  a 
watch,  which  is  fastened  over  the  eye  by  two  layers  of  rubber 
plaster.  This  leaves  the  sound  eye  still  to  be  used.  We  have 
found  this  method  of  protection  very  useful  in  the  Manhattan 
Eye  and  Ear  Hospital. 

STATISTICS. 

Dr.  A.  E.  Davis '  carefully  collated  the  statistics  of  nine  ophthal- 
mic institutions  in  the  United  States,  for  the  purpose  of  learning  the 
proportion  of  contagious  conjunctival  disease  to  other  forms.  This 
table  shows  that  in  over  half  a  million  of  cases  of  diseases  of  the  eye, 
27.5  per  cent,  or  140,755,  are  contagious,  as  follows: 


Contagious  diseases 

Conjunctiva  catarrhalis  

Conjunctiva  granulosa 

Conjunctiva  granulosa,  with  pannus 

Conjunctiva  purulenta 

Con  junctiva  neonatorum 

Conjunctiva  gonorrhoeica 

Conjunctiva  crouposa 

Conjunctiva  diphtheritica 


Number. 


140.75.-) 

108,778 

21, 757 

4,178 

2,678 

2, 874 

638 

86 

266 


Contagious 
diseases. 


Per  cent. 


i7.28 

15.46 

2.97 

1.90 

1.69 

.45 

.06 

.19 


All 
diseases. 


Per  cent. 
27.50 
21.25 
4.25 
.82 
.  52 
.46 
.12 
.017 
.052 


Dr.  Davis'  paper  also  gives  interesting  statistics  as  to  the  results 
of  treatment  in  38  cases,  taken  from  those  last  under  treatment  at 
the  time  his  paper  was  written,  under  the  care  of  my  colleagues, 
Drs.  Pomeroy,  Webster,  and  Emerson,  and  myself.  Eighteen  of 
these  were  treated  for  conjunctivitis  gonorrhoeica ;  4  for  conjunctivitis 
neonatorum,  10  for  purulent  conjunctivitis — in  all  38  cases.  Of  the 
38  cases  23  were  males,  15  females;  18  had  both  eyes  affected,  22  one 
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eye  affected,  making  58  eyes  in  the  38  cases.  Seventeen  of  the  cases 
were  seen  during  the  first  week,  the  remainder  any  time  from  eight 
days  to  thirty  days  after  the  eyes  were  affected.  Of  the  58  eyes  22 
had  clear  cornese,  36  had  either  ulcerated,  perforated,  or  sloughed 
cornese.  Out  of  the  22  eyes  with  clear  cornese  15  made  perfect  re- 
covery without  the  cornea  being  implicated ;  1  ulcerated,  4  perforated, 
2  sloughed.  The  one  that  ulcerated  obtained  T%%  vision.  Of  the  4 
that  perforated  1  obtained  f-§  vision;  1,  f$;  1,  -^wul  1?  perception  of 
light.  Of  the  2  that  sloughed,  1  perception  of  light;  1,  nil.  To  re- 
capitulate: Out  of  22  eyes  with  clear  cornese,  15  obtained  perfect 
vision,  4  useful  vision,  2  perception  of  light,  and  1  only  absolutely 
lost. 

Of  the  36  affected  cornese  20  had  perforated,  9  had  ulcerated,  and 
7  had  sloughed.  The  4  ophthalmia  neonatorum  cases  furnished  3  of 
the  e3res  with  affected  cornese — 1  had  an  ulcer  which  left  a  slight 
opacity,  the  other  2  had  perforating  ulcers  which  left  opacities  with 
anterior  synechias.  The  remaining  33  eyes  with  affected  coriiesB 
were  in  adults.  Eight  had  ulcers,  18  perforation  with  anterior  syn- 
echia?, 7  had  sloughs.  Of  the  8  eyes  with  ulcers  1  obtained  vision 
f£;  1,  -B;  !»  sir;  ^  tVo-;  1»mi;  l,  innr;  l  fingers  at  eighteen  inches; 
1  perception  of  light.  Of  the  18  with  perforations  12  obtained  per- 
ception of  light;  2,  fingers  at  eighteen  inches;  1,  g-f^;  1,-^jVj  1,  nil; 
1,  unstated.  Of  the  7  eyes  with  sloughed  cornese  vision  was  nil,  or 
0,  in  all  of  them.  We  have  therefore  in  the  36  eyes  with  affected 
cornese  1  with  perfect  vision — f£ — in  the  case  of  a  man  with  gonor- 
rhoea! ophthalmia  contracted  from  acute  gonorrhoea  from  which  he 
was  suffering  at  the  time ;  8  with  useful  vision ;  3,  fingers  at  eighteen 
inches;  13  with  perception  of  light,  and  8  with  absolute  failures. 
Three  of  the  36  eyes  were  ophthalmia  neonatorum  in  children,  above 
noted. 

Recapitulation. — Upon  the  58  eyes  treated  for  gonorrhceal  oph- 
thalmia, purulent  ophthalmia,  and  ophthalmia  neonatorum,  perfect 
recovery  resulted  in  16  cases,  or  27.59  per  cent;  useful  vision  in  11 
cases,  or  18.96  per  cent;  perception  of  light  in  15  cases,  or  25.86  per 
cent;  fingers  in  3  cases,  or  5.17  per  cent;  opacities  and  synechia?  (in 
children)  in  3  cases,  or  5.17  per  cent;  absolute  failure  in  9  cases,  or 
15.52  per  cent;  unstated  in  1  case,  or  1.73  per  cent.  The  youngest 
subject — excepting  the  ophthalmia  neonatorum  cases — was  a  boy, 
seven  years  of  age,  and  the  oldest,  a  woman,  sixty -five  years  of  age. 

The  statistics  of  Dr.  Davis,  illustrate  fairly  well  the  dangerous 
character  of  contagious  conjunctivitis,  es23ecially  of  blennorrhcea 
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and  pyorrhoea,   and    what   may  be  expected  from  proper  and 
assiduous  treatment. 

The  prognosis  in  blennorrhcea  and  purulent  conjunctivitis 
depends  largely  upon  two  factors: 

1.  The  general  condition  of  the  patient. 

A  poorly  nourished  infant,  of  feeble  parentage,  or  a  depraved 
young  subject  with  gonorrhceal  conjunctivitis,  will  have  a  poor 
chance  of  escaping  without  a  serious  lesion  of  the  cornea ;  while 
a  vigorous  child,  or  a  healthy  young  subject,  who  has  contracted 
the  disease  while  attending  another  case,  a  nurse  or  a  surgeon, 
for  example,  will  have  a  much  better  chance. 

2.  The  invasion  of  the  cornea.  If  the  cornea  be  attacked 
before  proper  means  of  thorough  treatment  have  been  resorted 
to,  the  chances  of  recovery  with  sound  eyes  will  be  very  poor. 

The  importance  of  this  subject  of  contagious  ophthalmia  has 
led  to  a  law  in  the  State  of  New  York,  making  it  a  misdemeanor 
if  a  midwife  fail  to  report  the  occurrence  of  sore  eyes  in  an 
infant  she  has  delivered. 

Hospitals  for  contagious  diseases  of  the  eyes  should  be  estab- 
lished in  large  cities  and  towns,  and  undoubtedly  will  be  when 
our  civilization  has  reached  a  sufficiently  high  stage.  So  dan- 
gerous are  these  diseases,  that  the  ordinary  patients  in  great 
hospitals,  are  in  danger,  if  the  wards  devoted  to  purulent  con- 
junctivitis are  attended  by  the  same  nurses,  servants,  and  sur- 
geons. 


CHAPTEE    XV. 
CONJUNCTIVITIS. — ( Continued. ) 

Diphtheritic  Conjunctivitis. — Membranous  Conjunctivitis. — Phlyctenular  Con- 
junctivitis.— Granular  Conjunctivitis. — Trachoma. — Pterygium. — Xeroph- 
thalmia. — Symblepharon.  — Ankyloblepharon. 

DIPHTHERITIC    CONJUNCTIVITIS. 

Diphtheritic  conjunctivitis  is  very  rare  in  the  United  States 
and  also  in  England.  It  is  more  frequently  seen  on  the  conti- 
nent of  Europe,  in  the  clinics  of  Germany.  Only  very  rarely 
does  a  case  appear  in  the  Manhattan  Eye  and  Ear  Hospital. 
Statistics  in  the  year  1891-92  show  that  among  nearly  ten  thou- 
sand eye  cases,  not  one  case  of  diphtheritic  conjunctivitis  was 
found.  The  disease  is  closely  allied  in  character  to  membranous 
conjunctivitis,  and  occurs  chiefly  in  young  children.  It  is  re- 
markable, when  we  consider  the  frequency  of  diphtheria  in  New 
York,  that  we  so  rarely  have  to  treat  diphtheritic  conjunctivitis. 

Symptoms. — The  disease  is  readily  recognized.  There  is  a 
yellowish- white  membrane  upon  the  palpebral  conjunctiva  in  a 
weak  and  cachectic  subject.  There  is  considerable  swelling  of 
the  lids,  but  the  secretion  is  slight  or  none.  The  lids  are  exces- 
sively tender  and  hard.  There  is  fibrinous  infiltration,  which 
causes  the  characteristic  rigidity,  and  the  pale,  smooth,  glisten- 
ing surface  of  the  conjunctiva.  The  grayish-white  membrane 
may  be  stripped  off.  Flakes  of  lymph  are  also  discharged.  As 
recovery  ensues  the  parts  soften,  from  the  disappearance  of  the 
fibrinous  matter,  and  pus  forms.  There  is  a  great  tendency  to 
cicatrization  of  the  tissue  in  the  recovery  from  diphtheritic  con- 
junctivitis. 

Treatment. — Since  this  is  a  constitutional  affection,  local 
treatment  is  not  so  effective  as  in  the  other  forms  of  conjunc- 
tival disease.  While  the  patient  receives  great  care  as  to  his 
general  condition  by  nutrients  and  stimulants,  hot  or  cold  ap- 
plications, as  may  be  most  comfortable,  are  made  to  the  closed 
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lids.  The  scanty  secretions  are  removed  with  absorbent  cot- 
ton, dipped  in  a  saturated  solution  of  boric  acid,  and  an  oint- 
ment is  applied  to  the  edge  of  the  lids,  at  night  especially,  as 
in  all  conjunctival  affections.  The  cornea  is  apt  to  be  invaded 
in  the  course  of  the  disease.  Atropia  or  scopolamine  is  there- 
fore to  be  used  from  the  start. 

MEMBRANOUS  CONJUNCTIVITIS. 

This  is  much  more  common  than  diphtheritic  conjunctivitis, 
and  is  sometimes  mistaken  for  it.  It  is  really  a  degenerative 
form  of  catarrhal  conjunctivitis.  Like  the  diphtheritic  inflam- 
mation, it  occurs  in  subjects  somewhat  run  down  in  general 
health.  It  may  be  distinguished  from  true  diphtheritic  con- 
junctivitis by  the  fact  that  the  membrane  readily  peels  off,  the 
conjunctiva  and  connective  tissue  are  not  so  tense,  thick,  and 
tender,  and  the  constitutional  symptoms  are  not  so  grave. 

Treatment. — Cool  applications,  frequent  cleanings,  mild  as- 
tringents, colly ria  of  alum  or  zinc  are  indicated,  with  especial 
hygienic  care  of  the  general  system. 

PHLYCTENULAR   CONJUNCTIVITIS. 

((p/ivKTaiva,  pimple.) 

This  disease  is  very  common  among  the  poorly  fed  and  poorly 
nourished  children  in  large  cities.  In  1891-92,  in  the  Manhattan 
Eye  and  Ear  Hospital,  in  a  total  of  9,720  cases  of  diseases  of  the 
eye,  of  which  2,293  were  diseases  of  the  conjunctiva,  there  were 
188  of  phlyctenular  conjunctivitis,  and  198  of  phlyctenular  ker- 
atitis. 

Phtyctenular  disease  also  occurs  amid  good  general  hygienic 
surroundings,  in  children  in  whom  local  hygiene  is  neglected, 
and  the  general  nutrition  is  consequently  affected.  Its  existence 
is  an  index  of  the  general  condition,  especially  of  the  nutrition. 

Phlyctenular  diseases  may  be  seen  among  children  living  in 
the  best  of  country  air,  but  just  as  the  peasantry  of  Switzer- 
land may  not  avail  themselves,  or  on  account  of  poverty  may 
not  be  able  to  avail  themselves,  of  the  immense  advantages  of 
their  life  in  pure  air.  and  by  their  improper  diet  and  neglect  of 
general  hygienic  laws  may  have  unhealthy  offspring,   just  so 
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in  our  country  this  disease  of  malnutrition  is  sometimes  seen 
amid  proper  surroundings,  but  where  all  the  laws  for  the  preser- 
vation of  health  are  violated. 

Phlyctenular  conjunctivitis  is  characterized  by  great 
photophobia,  lachrymation,  and  the  presence  in  the  conjunctiva 
of  little  nodules  of  inflammation,  small  yellowish-red  elevations, 
the  so-called  phlyctenules,  on  whose  summit  a  vesicle  forms, 
which  bursts  and  leaves  a  small  ulcer  or  a  collection  of  blood- 
vessels; one  or  more  of  these  vesicles  may  occur.  The  lids  are 
lightly  clinched,  and  when  they  are  forcibly  opened,  there  is 
a  great  gush  of  water. 

Proper  air,  frequent  bathing,  good  food,  and  general  hygiene 
are  the  antidotes  to  this  disease.  It  is  one  that  is  unknown 
among  properly  fed  and  nourished  children.  It  is  dangerous 
because  the  same  disease  is  very  often  engrafted  upon  the 
cornea,  where  ulceration,  even  when  recovered  from,  is  a  serious 
matter.  It  also,  like  membranous  conjunctivitis,  begins  as  a 
bastard  catarrh  of  the  conjunctiva.  In  puny  and  badly  nour- 
ished patients,  a  simple  catarrh  soon  takes  on  this  form.  Prob- 
ably this  is  due  at  times  to  the  unchecked  habit  of  rubbing  the 
eyes  with  soiled  hands,  and  grinding  in  the  dirt  upon  the  hyper- 
aemic  conjunctiva.  It  is  not  to  be  denied  that  phlyctenular  con- 
junctivitis may  at  times  occur  in  robust,  red-cheeked  children, 
but  this  is  very  rare.  Even  when  it  does  so  occur,  over-feeding 
or  the  like  and  not  a  mere  local  irritation  has  been  the  fault. 

Treatment. — This  should  be  divided  into  local  and  consti- 
tutional. Neither  ought  to  be  omitted,  and  yet  such  cases  re- 
cover with  general  hygienic  care  alone. 

If  any  of  my  readers  have  ever  studied  conjunctivitis  in  home- 
less animals,  such  as  stray  dogs  or  cats,  by  transferring  these 
creatures  where  they  get  sufficient  food  and  proper  shelter,  he 
will  appreciate  the  importance  of  hygienic  care  alone,  in  the 
cure  of  local  diseases.  In  several  instances,  I  have  had  an  oppor- 
tunity to  watch  the  disappearance  of  conjunctival  disease  in 
domestic  animals,  who  have  been  rescued  from  neglect  and  hun- 
ger, and  placed  where  their  natural  wants  were  fully  satisfied. 
Without  local  applications  of  any  kind,  they  have  invariably  re- 
covered. No  doubt,  in  their  own  habits  of  lubricating  their 
eyelids,  when  they  are  at  all  contented,  may  be  found  an  efficient 
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local  application,  so  that  it  cannot  be  positively  said  that,  even 
here,  local  influences  have  not  been  at  work  in  promoting  a  cure. 
But,  certainly,  in  such  cases  general  hygiene  has  clone  the  chief 
work. 

If  the  photophobia  be  a  very  marked  symptom,  so  that  the 
eyelids  are  clinched  together  and  can  only  be  opened  by  force, 
when  a  great  gush  of  water  occurs,  the  cold  douche  is  very  use- 
ful and  often  is  of  immediate  service.  It  is  a  harsh  remedy, 
and  since  the  introduction  of  cocaine  into  practice,  especially  in 
mild  cases,  I  substitute  the  latter  for  the  douche,  and  if  it  be 
not  effectual,  I  then  resort  to  the  cold  douche.  An  ointment 
should  be  used  on  the  lids,  and  if  the  usual  accompaniments  of 
the  severe  cases,  eczema  and  nasal  catarrh,  are  present,  it 
should  be  used  on  the  face  and  in  the  nose  also.  Sulphate  of 
atropia,  gr.  £  to  ij.  adsi.,  is  to  be  instilled  once  to  three  times 
a  day. 

Among  my  patients  at  the  Hospital,  where  I  almost  exclu- 
sively see  these  cases,  I  prescribe  cod-liver  oil  for  rubbing  in  the 
face,  and  I  use  a  solution  of  tannin  and  glycerin  in  the  nostrils 
on  account  of  the  nasal  catarrh,  which  is  usually  very  marked. 
The  moment  the  surgeon  begins  to  examine  such  a  case  as  he 
should,  holding  the  child's  head  on  his  lap  and  between  his 
knees,  and  attempts  to  open  the  puffy  lids,  the  little  patient 
begins  to  sneeze  and  a  great  gush  of  water  comes  out  of  the 
conjunctival  sac. 

The  insufflation  of  calomel  comes  next,  for  there  is  much 
local  treatment  necessary  in  the  treatment  of  phlyctenular  dis- 
ease. Cocaine  should  also  be  used,  until  the  acute  symptoms, 
especially  the  photophobia,  have  subsided.  The  ointment  of  the 
yellow  oxide  of  mercury  may  be  used  instead  of  the  calomel.  It 
is  praised  by  Jonathan  Hutchinson  (London)  and  others  as  a 
specific.  It  is  certainly  a  remedy  of  inestimable  value:  a  small 
portion  on  the  end  of  a  spatula  is  placed  between  the  lids  and 
well  rubbed  in  by  the  fingers  of  a  surgeon,  or  attendant. 

In  most  cases  of  phlyctenular  conjunctivitis,  it  will  be  found 
that  much  is  to  be  done  through  general  care  of  the  system,  and 
yet  in  the  most  instances,  in  our  large  clinics,  where  these  cases 
are  numerous,  it  will  be  impossible  to  accomplish  very  much 

for  the  general  hvgiene  of  the  squalid  and  neglected  homes  from 

is 
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which  the  patients  come.  In  these  are  to  be  found  the  causes 
of  the  great  prevalence  of  this  and  other  forms  of  conjunctival 
disease  among  the  children  of  the  poor.  Yet  the  practitioner 
should  not  fail  to  give  elementary  instruction  on  such  matters 
as  diet,  bathing,  and  so  forth,  to  the  parents  of  such  children. 
The  parents  are  very  prone  to  improperly  feed  their  young  chil- 
dren. They  give  them  the  "run  of  the  table,"  stuff  them  with 
tea  and  so  on,  to  the  neglect  of  a  milk  diet  so  advantageous  to 
children  under  eight  years  of  age.  Indeed  if  the  whole  com- 
munity could  be  induced  to  bring  up  their  children  on  milk  and 
farinaceous  diet  until  the  second  dentition  is  accomplished,  great 
benefit  to  the  general  nutrition,  with  a  corresponding  immunity 
from  disease,  would  result.  Yet.  as  I  have  already  said,  chil- 
dren of  the  classes  able  to  care  properly  for  them  are  also 
affected  with  phlyctenular  conjunctivitis.  With  them,  it  will 
also  be  well  for  the  surgeon  to  impress  the  necessity  of  hygiene 
as  the  fundamental  matter  to  be  considered,  in  the  prevention 
of  a  disease  that  may  destroy  the  sight. 

GRANULAR  CONJUNCTIVITIS.— GRANULAR   LIDS.— TRACHOMA. 
(rpaxufia,  a  roughness.) 

This  disease  is  characterized  by  the  appearance  of  small 
prominences,  uneven  in  shape,  thickly  crowded  together,  in  a 
swelled,  round,  and  vascular  conjunctiva.  These  appearances 
are  confined  to  the  palpebral  conjunctiva.  They  are  sometimes 
hypertrophiea I  papillae,,  and  again  diffused  vascular  excrescences 
resembling  condylomata,  arranged  in  rows  and  looking  like 
roundish  granules.  They  are  sometimes  of  the  same  color  with 
the  conjunctiva  and  not  much  derated  above  the  surface,  but 
again  they  are  very  prominent,  and  in  shape  and  gelatinous 
translucency  resemble  the  spawn  offish  or  frogs  (Stellwag). 

The  above  description,  which  is  essentially  that  of  Stellwag 
(Vienna,  1870),  comprehends  almost,  if  not  all  the  various 
forms  which  trachoma  may  assume.  The  name  trachoma  is 
much  to  be  preferred  to  that  of  granular  lids  or  granular  con- 
junctivitis, since  it  conveys  a  better  idea  of  the  pathology  of 
the  disease,  or  rather  does  not  commit  us  to  any  pathology,  but 
simply  indicates  the  chief  objective  symptom,  the  roughness  of 
the  conjunctiva. 
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Trachoma  is  generally  a  chronic  disease,  the  result  of  a  con- 
junctivitis that  has  run  its  course.  Investigation  usually  shows 
thai  there  was  at  first  an  ordinary  catarrhal  conjunctivitis  from 
which  this  sprang.  Among  careless  people,  or  improperly  cared  ■ 
for  children,  the  occurrence  of  the  acute  conjunctivitis  is  often 
forgotten,  and  the  trachoma  is  believed  to  have  originated  with- 
out any  such  antecedent  and  rather  more  acute  disease.  Tra- 
choma may  appear,  for  example,  after  blennorrhcea  or  purulent 
inflammation  of  the  conjunctiva,  and  remain  for  some  weeks. 
This  form  of  trachoma  is  much  more  amenable  to  treatment 
than  the  more  chronic  forms. 

The  roughness  arising  from  acute  catarrhal  and  blennorrhceal 
conjunctivitis  readily  subsides  under  treatment  and  soon  disap- 
pears. This  form  of  the  disease  is  manageable,  and  responds 
easily  to  proper  treatment,  but  when  chronic  trachoma  is 
reached,  it  is  otherwise.  It  becomes  readily  epidemic  in  asylums 
and  schools  and  camps,  and  is  a  disease  from  which  it  is  often 
impossible  for  the  patient  to  recover  perfectly.  To  reduce  it 
even  to  a  bearable  condition,  will  often  require  all  the  resources 
of  our  art.  From  the  definition  of  the  disease,  or  the  sketch  of 
its  appearance,  which  is  placed  at  the  head  of  this  chapter,  it 
must  occur  to  the  reader  that  classification  may  be  made  of  the 
various  forms  of  trachoma. 

Stelhvag  divides  them  as  follows: 

1.  Pale  granular. 

2.  Papillary. 

3.  Mixed, 
•f.   Diffuse. 

In  the  granular  form  we  find  abundant  spawn-like  bodies, 
traversed  by  blood-vessels.  The  swelling  may  be  so  great  that 
the  everted  lid  looks  like  a  great  tumor,  whose  surface  is  coated 
with  these  granules. 

By  papillary  trachoma  is  meant  that  which  is  confined  to  the 
papillary  region  of  the  conjunctiva,  and  is  described  by  Stellwag 
as  an  ophthalmia  granulosa  of  a  low  degree  of  development: 
the  tarsal  conjunctiva  is  relaxed  and  strewn  with  fine  prolifer- 
ating papilla?. 

Mixed  trachoma,  which  is  also  termed  inflammatory,  catar- 
rhal or  blennorrhceal,  is  the  most  common  form  of  trachoma. 
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The  papillary  excrescences  are  very  marked,  but  they  do  not 
have  the  characteristic  spawn-like  appearance  of  pure  trachoma. 

Diffuse  trachoma  is  described  by  Stellwag,  as  a  higher  grade 
of  development  than  mixed  trachoma.  It  is  distinguished  by  the 
quantity  of  neoplastic  formations  in  and  upon  the  conjunctiva, 
as  well  as  by  the  participation  of  the  tarsal  cartilage,  the  cornea, 
and  the  integument.  There  is  great  swelling  of  the  palpebral 
conjunctiva.  It  is  caused  by  immense  granulations,  separated 
from  each  other  by  deep  fossae.  They  are  velvety  in  appearance 
and  resemble  a  cock's  comb,  or  broad  condylomata.1 

Treatment. — For  a  disease  which  exists  in  such  great  variety 
of  severity  in  different  cases,  it  is  not  easy  to  lay  down  a  plan  of 
treatment  which  shall  be  applicable  to  all  cases.  We  may  also 
distinguish,  under  a  clinical  classification,  two  general  classes  of 
trachoma;  one  is  attended  by  intolerable  photophobia  and 
lachrymation,  and  by  vascular  keratitis  (pannus,  literally,  a  red 
cloth),  or  other  forms  of  corneal,  or  even  iritic  disease.  This  is 
the  most  intractable.  It  usually  occurs  in  debilitated  or  at  least 
in  badly  nourished  subjects.  It  is  found  in  all  grades  of  sever- 
ity. In  such  a  case  as  this,  before  the  proper  local  treatment 
for  the  fundamental  disease  is  undertaken,  the  enlarged  folli- 
cles and  the  new  formations  demand  a  preparatory  treatment. 
This  can  only  be  undertaken  in  a  hospital,  or  if  in  a  private 
house  only  where  good  personal  attendance  can  be  secured. 
The  preparatory  remedies  to  be  used  in  such  cases  may  be 
tabulated  as  follows: 

1.  Hot  Water. — This  should  be  applied  as  a  fomentation, 
using  absorbent  cotton  dipped  in  boiling  water.  It  should  be 
applied  continuously  to  the  eyes  for  twenty  minutes,  about  six 
times  a  day. 

2.  Sulphate  of  Atropia. — An  instillation  of  this  should  be 
made  from  three  to  six  times  a  day,  a  solution  of  the  strength  of 
two  grains  to  the  ounce  being  employed.  A  solution  of  hydro- 
bromate  of  scopolamine,  one  grain  to  the  ounce,  may  be  substi- 
tuted for  atropia,  if  desired. 

3.  Hyclrochlorate  of  Cocaine. — This  also,  if  on  trial  it  subdue 
the  photophobia,  should  be  repeated,  using  considerable  quant  i- 


1  Stellwag:    English  translation,  fourth  edition,  p.  404. 
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ties — ten  to  twenty  drops,  eight  grains  to  the  ounce,  at  a  time — 
four  to  six  times  a  day. 

If  under  these  means,  in  a  few  days,  the  photophobia  and 
lachrymation  lessen,  we  may  begin  to  feel  our  way,  in  an  as- 
tringenl  treatment.  It  will  be  best  to  begin  with  ;i  tannic-acid 
spray,  or  with  a  crystal  of  alum,  applied  once  or  twice  a  day. 
Should  the  disease  gradually  yield  under  this  treatment,  as  it 
often  will,  we  may  advance  to  the  careful  use  of  a  crayon  of 
sulphate  of  copper,  once  or  twice  a  day,  and  in  a  few  weeks 
from  the  beginning  of  the  most  obstinate  cases,  we  shall  see  the 
granular  masses  disappear,  the  cornea  clearing  up,  and  im- 
provement in  the  vision.  When  the  cornea  has  become  coated 
by  blood-vessels  or  infiltrated  with  new  formation,  corneal 
astigmatism  results.  The  ophthalmometer  is  very  useful  in 
measuring  this,  and  may  lead  us  to  order  glasses  to  correct  it, 
when  the  trachoma  is  fully  recovered  from. 

But  there  are  cases  where,  in  spite  of  the  careful  and  judicious 
treatment  long  continued,  the  photophobia  and  lachrymation 
are  not  subdued,  astringents  are  not  tolerated,  and  the  patient 
is  both  suffering  and  blind.  For  these  cases  we  still  have  re- 
sources, but  the  patient,  it  is  to  be  remembered,  must  as  a 
preliminary  to  any  of  the  following  methods  of  treatment  be 
placed  in  a  hospital  or  in  a  similar  place,  favorable  for  the  per- 
sonal care  of  a  nurse.  Indications  may  momentarily  occur 
when  it  is  necessary  to  discontinue  active  treatment,  at  once. 
hence  the  necessity  for  this  precaution.  Among  the  means  for 
the  treatment  of  inveterate  trachoma,  I  rank: 

1.  Jequirity. — This  treatment  has  an  interesting  history.  It 
was  used  by  Brazilian  Indians  for  granular  conjunctivitis  or  a 
kindred  trouble,  and  De  Wecker,  of  Paris,  introduced  it  into 
civilized  ophthalmic  practice.  After  much  trial  of  the  jequirity 
bean  at  the  Manhattan  Eye  and  Ear  Hospital.  wTe  are  very  well 
satisfied  with  the  results  of  the  treatment.  We  have  used  it  a 
great  deal,  especially  Dr.  Webster,  Dr.  Emerson,  and  myself, 
and  we  have  had  no  cases  of  loss  of  the  eye  from  damage  to  the 
cornea  from  its  use.  such  as  have  been  occasionally  reported. 
The  jequirity  should  first  be  converted  into  powder.  The  pa- 
tient is  placed  under  the  care  of  an  attendant,  and  powdered 
jequirity,  say  to  the  extent  of  a  gram,  is  placed  upon  the  palpe- 
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bral  conjunctiva.'  In  most  cases,  reaction,  consisting  of  pain  in 
the  lids,  redness,  and  swelling  appear.  This  is  to  be  combated 
by  iced  cloths.  A  membranous  deposit  is  usually  found  on  the 
conjunctiva  in  about  four  hours.  Then  the  further  use  of  the 
drug  is  to  be  stopped.  A  membrane  is  apt  to  form  as  the  result 
of  the  first  application.  In  obstinate  cases  it  is  sometimes  nec- 
essary to  repeat  the  application  once  or  twice,  or  even  three  or 
four  times.  When  the  stage  of  inflammation,  the  result  of  the 
use  of  the  powder,  is  over,  the  cornea  will  be  less  vascular,  the 
photophobia  decreased,  and  the  case  in  a  condition  to  be  finished 
by  the  use  of  astringents,  especially  by  the  sulphate  of  copper, 
when  the  treatment  as  described  above,  should  be  undertaken 
and  carried  on.  Jequirity  is  only  a  means  of  converting  intrac- 
table cases  into  those  of  a  milder  form,  that  will  respond  to  the 
usual  means  of  treatment,  and  it  is  to  be  reserved  for  cases  that 
have  resisted  a  fair  trial  of  ordinary  treatment.  Jequirity  can 
be  safely  used  only  under  the  precaution  already  stated,  that  the 
patient  shall  be  under  the  personal  observation  of  an  attendant. 
There  are  other  methods  of  treating  inveterate  trachoma, 
which  should  be  mentioned,  although  they  may  be  considered 
as  having  been  generally  abandoned  : 

2.  Synectomy  or  Peritomy:  introduced  by  C.  Bader,  of  Lon- 
don. This  consists  in  cutting  and  dissecting  up  the  conjunc- 
tiva, around  the  cornea,  so  as  to  fully  remove  the  limbus 
conjunctivae,. 

3.  Inoculation  with  the  secretion  of  purulent  conjunctivitis 
(Piringer).  Desperate  as  this  latter-named  remedy  may  seem 
to  be,  it  was  not  unjustifiable  in  extreme  cases,  before  we  had 
jequirity.  Jequirity  accomplishes  the  same  end  with  no  risk  of 
loss  of  the  eye,  while  inoculation,  under  whatever  precaution 
and  care,  may  be  followed  by  destruction  of  the  cornea,  just  as 
many  another  purulent  conjunctivitis. 

The  treatment  by  a  strong  solution  of  tannic  acid  and  gly- 
cerin deserves  especial  mention,  as  a  very  efficacious  one  in 
many  chronic  and  intractable  cases.  The  solution,  which  may 
be  from  ten  grains  to  the  ounce  up  to  saturation,  is  used  twice 

1  I  formerly  used  jequirity  in  solul  ion,  but  ;it  the  suggestion  of  1  >r.  Cheatham, 

of  Louisville,  we  have  used  it  iu  the  Manhattan  Eye  and  Ear  Hospital  exclu- 
sively as  a  powder. 
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a  day,  a  drop  in  the  conjunctival  sac,  while  general  care  as  to 
local  cleanliness  and  lubrication  is  practised. 

The  less  chronic  form  of  trachoma,  or  rather  the  form  un- 
complicated by  vascular  cornea  and  changes  in  the  tarsal  car- 
tilage, is  usually  very  amenable  to  treatment,  when  it  is  contin- 
uous, judicious,  and  thorough.  Such  cases  run  into  the  more 
severe  forms,  from  such  neglect.  Many  of  these  patients  are 
at  work,  earning  their  bread,  and  are  unable  to  give  themselves 
proper  care.  In  orphan  asylums  and  similar  institutions  in  New 
York,  a  large  proportion  of  such  cases  are  found,  not  at  all  iso- 
lated from  the  few  children  with  healthy  eyes,  in  some  instances 
receiving  inadequate  treatment,  and  in  some  none  at  all.  It 
was  the  investigations  of  contagious  ophthalmia  in  New  York, 
instituted  by  Dr.  Richard  H.  Derby,  to  whose  aid  nearly  all  of 
the  oculists  in  New  York,  were  called  in  making  up  the  statis- 
tics, that  have  led  to  improved  police  regulations  among  the 
children  of  the  institutions.  From  my  own  examinations  made 
some  five  years  ago,  I  am  able  to  say  that  I  found  trachoma  epi- 
demic in  two  very  large  orphan  asylums.  The  conditions  are 
said  to  have  improved  somewhat,  but  much  remains  to  be  done 
to  rid  New  York  of  a  disease  which  annually  destroys  many  eyes, 
and  causes  a  great  burden  of  taxation  to  the  commonwealth. 

Trachoma  is  so  highly  contagious,  that  all  cases  should  be 
carefully  quarantined  from  healthy  eyes,  and  from  each  other 
as  far  as  the  use  of  the  same  appliances  for  washing,  the  sleep- 
ing-rooms, and  so  forth.  Granular  ophthalmia  has  decimated 
armies,  and  it  is  insidiously  at  work  in  many  large  and  small 
cities,  rendering  the  subjects  of  public  charity  unable  to  earn 
their  living,  and  the  carriers  of  disease. 

It  is  an  interesting  and  important  fact,  that  inoculation  with 
the  various  varieties  of  conjunctivitis  does  not  produce  the  same 
disease.  Catarrhal  conjunctivitis  may  produce  a  blennorrhcea  or 
even  a  pyorrhoea,  while  trachoma  inoculation  does  not  neces- 
sarily produce  trachoma,  but  more  likely  a  conjunctivitis,  which 
if  promptly  treated  never  becomes  trachoma.  This  fact  must 
be  explained.  I  think  that  the  soil  is  different  in  different  cases, 
and  leads  us  to  say  again,  that  besides  the  germ  for  the  produc- 
tion of  suppuration  or  catarrh,  we  require  a  membrane  ready  to 
cause  it  to  srrow. 
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SURGICAL  TREATMENT  OF  TRACHOMA. 

Of  late  the  surgical  treatment  of  granulated  lids,  or  tra- 
choma, has  assumed  a  new  importance.  Some  of  this  may  be 
due  to  the  desire  for  something  new,  without  thorough  regard 
to  the  new  thing  being  absolutely  better  than  the  old.  Yet 
there  are  a  few  cases,  but  not  in  the  opinion  of  the  writer  very 
many,  in  which  the  ordinary  treatment,  supplemented  by  the 
extraordinary,  that  is  to  say,  the  use  of  jequirity,  fails  within 
any  reasonable  time,  or  perhaps  utterly,  to  cure  the  patient. 
Then  it  will  be  proper  to  resort  to  certain  methods,  that  will  now 
be  detailed. 

It  is  not  true,  however,  as  is  sometimes  intimated,  that  the 
treatment  of  a  severe  case  of  trachoma  necessarily  involves  a 
period  of  time  varying  from  a  few  months  to  years.  Neither  is 
it  true  that  there  is  any  considerable  danger,  in  fact  any  danger, 
under  proper  precautions,  of  sloughing  of  the  cornea  from  the 
use  of  jequirity.  So  that  the  practitioner  should  not  start  out 
with  the  idea,  that  the  old  methods  of  treatment  have  been,  on 
the  whole,  valueless.  There  is  no  department  of  ophthalmic 
surgery  presenting  a  much  larger  proportion  of  successful 
results,  than  the  treatment  of  trachoma,  judiciously  chosen 
and  thoroughly  carried  out.  It  is  always  to  be  understood,  that 
a  patient  with  trachoma,  is  to  be  informed  at  the  start  that  a 
case  which  has  already  existed  for  years,  will  require  months  at 
least  for  a  cure.  It  should  not  be  forgotten  moreover  that  tra- 
choma, in  a  large  majority  of  instances,  is  a  disease  that  would 
not  occur,  or  would  be  very  easily  managed,  were  it  promptly 
treated,  if  the  conditions  which  favor  it,  such  as  subacute  con- 
junctivitis, bad  habits  of  life,  general  unsanitary  conditions, 
be  removed.  The  surgical  treatment  of  trachoma,  is  advo- 
cated chiefly  for  the  first  and  second  stages.  The  first  method 
to  be  mentioned,  is  that  employed  for  many  years  by  Galezow- 
sky  (Paris),  which  consists  of  removal  of  the  trachomatous 
bodies  by  excision.  The  patient  should  be  put  to  sleep,  the 
lid  everted,  and  the  male  blade  of  Galezowsky's  double-pointed 
toothed  forceps  carried  into  the  cul-de-sac.  The  fornix  is 
then  thoroughly  exposed  and  fixed  by  closing  the  forceps. 
All  the  folds  of  the  fornix  are  then  cut  out  with  the  scissors. 
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hi  cases  where  the  trachomatous  bodies  extend  to  the  ocular 
conjunctiva,  the  upper  part  of  the  tarsal  conjunctiva  and  a  part 
of  the  ocular  are  removed.  The  eye  is  then  washed  with  a 
weak  solution  of  bichloride  of  mercury  or  the  like,  L:  5,000. 
The  eyes  are  then  bandaged.  The  bandage  is  removed  in  a  day 
or  two  and  the  eye  treated  with  mild  applications. 

2d.  Partial  removal  of  the  bodies  by  expression.  This  is 
employed  considerably  in  the  Manhattan  Hospital  in  my  clinic, 
by  Dr.  Frank  N.  Lewis,  and  by  the  other  surgeons.  It  is  also 
used  in  many  of  the  New  York  institutions,  and  instruments 
have  been  invented  for  its  proper  manipulation  by  Noyes, 
Knapp,  and  Gruening.  For  this  operation,  the  patient  is  also 
put  under  ether,  the  lids  are  everted,  the  loose  rolls  of  the  con- 
junctiva seized  with  the  forceps,  and  stripped  of  the  contents  by 
a  rather  slow  movement.     This  is  continued  until  all  the  tracho- 


Fig.  130. — Knapp's  Roller  Forceps  for  Expression. 

matous  granules  have  disappeared.  The  conjunctiva  is  then 
washed  with  boric  acid.  The  eyes  are  left  open  afterward.  In 
a  few  days  an  astringent  treatment  is  begun.  The  conjunctiva 
is  very  much  congested  for  some  time,  but  this  congestion 
gradually  disappears,  and  recovery  with  little  remaining  tra- 
chomatous tissue  and  little  shrinking  occurs.  Some  surgeons 
scarify  the  epithelial  layer  over  the  trachomatous  granules: 
others  rub  in  crystallized  sulphate  of  copper  after  the  operation. 
This  method  is  applicable  only  to  early  cases  where  the  gran- 
ules have  run  under  and  become  very  hard.  Where  atrophy  of 
the  conjunctiva  has  appeared,  it  is  of  no  use. 

3d.  Electrolysis  has  also  been  used  for  the  destruction  of 
trachomatous  tissue,  but  this  method  has  failed  to  secure  any 
great  following.  Its  employment  necessitates  rather  expensive 
apparatus,  which  easily  gets  out  of  order,  but  more  than  all  it 
is  not  an  efficient  method. 

4th.  In  the  same  category  with  electrolysis,  may  be  put  the 
destruction  of  trachomatous  granules  by  the  use  of  the  galvano- 
cautery.     A  sharp  curette  is  also  used  by  some  surgeons. 
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5th.  The  removal  of  trachomatous  tissue  by  brushing  with  a 
stiff  brush  (grattage).  The  patient  is  put  under  the  influence 
of  an  anaesthetic  and  the  trachomatous  masses  are  brushed  out 
with  a  tooth-brush  having  short  and  stiff  bristles.  This  opera- 
tion is  extended  by  the  introduction  of  a  so-called  germicide. 
This  method  of  treatment  was  introduced  in  Abadie's  clinic  in 
Paris,  and  has  been  highly  praised  by  Panas  and  De  Wecker  in 
Paris,  Weeks,1  Gruening,  Noyes,  Knapp,  and  others  in  New  York. 
In  this  operation,  after  the  lid  is  everted,  the  fornix  fully  ex- 
posed, and  put  on  the  stretch  over  the  blades  of  the  forceps,  the 
conjunctiva  is  scarified  by  making  incisions  close  to  each  other, 


Fig.  131.— Weeks'  Forceps  Used  in  Grattage. 

and  parallel  to  the  margins  of  the  lids.  These  incisions  are  united 
by  transverse  incisions.  The  incisions  are  made  of  a  depth  de- 
pending on  that  of  the  trachomatous  tissue — they  generally  pass 
almost  through  it.  Any  trachomatous  tissue  that  can  be  easily 
gotten  out  is  pressed  out  by  the  back  of  the  scalpel.  The  ex- 
posed surface  is  then  thoroughly  scraped  with  a  tooth-brush, 
dipped  in  a  solution  of  bichloride  of  mercury,  1 :  500.  The  eye 
is  washed  and  bandaged  with  an  antiseptic  dressing.  After 
twenty-four  hours  the  bandage  is  removed,  and  the  conjunctiva 
rubbed  with  absorbent  cotton  which  has  been  dipped  into  a  solu- 
tion of  bichloride  of  mercury,  1 :  500.  This  rubbing  is  repeated 
every  day  after  the  operation,  for  two  weeks.  If  the  reaction  is 
very  great,  the  applications  are  less  frequent.  Considerable 
oedema  of  the  lids  may  follow  this  method.  Those  who 
advocate  it,    claim   that   the  reaction  is    generally  slight,  and 

1  For  an  interesting  paper  on  this  subject  see  "The  Surgical  Treatment  of 
Granular  Lids, "  by  John  E.  Weeks,  M.D. ,  New  York  Medical  Journal,  October 
21st,  1891. 


PTERYGIUM.  283 

that  the  patient  suffers  very  little,  but  the  cases  that  I  have 
seen  do  not  lead  me  to  commend  this  method.  Some  authors 
think  this  so-called  "grattage"  is  just  as  efficacious,  without 
the  use  of  the  bichloride  of  mercury.  In  a  few  cases  syrnble- 
pharon  occurs,  as  a  result  of  the  operation. 

At  my  request.  Dr.  Frank  N.  Lewis  has  given  me  a  state- 
ment founded  upon  his  large  experience  at  the  Manhattan  Eye 
and  Ear  Hospital  of  his  views  as  to  the  indications  for  expres- 
sion. Dr.  Lewis  says:  "The  operation  of  expression  or  '  squeez- 
ing '  is  indicated  in  that  kind  of  granular  lids  known  as  the 
follicular,  where  on  everting  the  lids  the  palpebral  surface  pre- 
sents the  enlarged  follicles  with  infiltration  and  thickening  of 
the  tissue.  In  some  cases  there  may  be  only  a  few  enlarged 
follicles  and  only  in  or  near  the  cul-de-sac.  In  other  cases  the 
condition  may  be  so  magnified  that  the  granulations  form  a 
large,  irregular  mass,  covering  the  entire  inner  surface  of  the 
lid  and  even  extending  on  to  the  eyeball.  This  latter  some- 
what resembles  in  appearance  that  condition  of  a  granulating 
wound,  popularly  known  as  proud-flesh.  The  secretion  is  of  a 
watery  character,  and  the  granulations  are  soft  and  contain  a 
gelatinous  substance.  Expression  is  only  to  be  used  in  the 
chronic  and  not  in  the  acute  form  of  granular  lids. " 

PTERYGIUM.  — XEROPTHALMIA. 
(irrepvyiov,  a  little  wing.) 

Pterygium  consists  of  hypertrophy  of  the  conjunctiva  and 
subconjunctival  i  issue,  which  forms  a  triangular -shaped,  vas- 
cular prominence,  generally  at  the  nasal  side  of  the  eye,  over 
the  situation  of  the  internal  rectus  muscle,  with  its  base  toward 
the  inner  cant  tins,  and  a  rounded  apex  at  the  edge  of  the  cornea, 
encroaching  more  or  less  upon  the  latter.  It  may  also  exist 
over  the  situation  of  the  external  rectus. 

It  is  called  pterygium  tenue  (Latin  for  thin),  or  crassum, 
(Latin  for  thick),  according  to  its  density.  It  is  not  a  very  com- 
mon affection  in  cities,  but  it  is  quite  frequently  seen  among 
sailors,  those  who  live  in  the  country  in  tropical  climates,  on  the 
Western  prairies,  or  in  the  Southwestern  States  of  our  country. 

The  etiology  of  pterygium  is  not  certain,  but  those  who  have 
operated  much  upon  this  form  of  growth  must  have  observed 
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that  it  seems  to  originate  in  an  inflammatory  condition  at  the 
very  junction  of  the  cornea  with  the  ocular  conjunctiva.  This 
has  led  me  to  think  that  its  origin  is  to  be  traced  to  a  local  in- 
flammation, induced  by  a  cutting  wind,  the  presence  of  infini- 
tesimally  small  foreign  bodies,  or  similar  causes. 

Treatment. — It  is  not  necessary  to  treat  pterygium  unless 
its  growth  is  so  considerable  that  it  encroaches  upon  the  cornea, 
and  interferes  with  vision.  It  may  also  impair  the  motility  of 
the  eye,  and,  therefore,  need  removal  on  that  account.  The 
scar  resulting  from  the  removal  of  pterygium,  is  almost  as  dis- 
figuring as  the  growth  itself,  and  for  this  reason  it  is  not  worth 
while  to  excise  it,  unless  as  above  stated.  It  is  also  to  be  re- 
marked that  it  is  very  apt  to  return  in  persons  living  under  the 

circumstances  that 
have  been  above  in- 
dicated. For  this 
reason  the  operation 
should  not  be  per- 
formed unless  it  pro- 
duce the  influence 
upon  the  sight  or 
motility  of  the  eye, 
which  has  been  men- 
tioned a  b  o  v  e.  If 
it  is  decided  to  re- 
move a  pterygium 
the  method  which  I 
advise  is  by  excision. 
The  growth  is  lifted  up  with  the  forceps,  and  thoroughly 
snipped  away  from  the  conjunctiva  and  cornea  by  a  pair  of  deli- 
cate scissors  or  with  a  Beer's  knife.  Having  been  thoroughly 
dissected  off,  its  apex  is  removed  with  the  scissors  or  knife,  the 
surface,  with  its  grooves,  gently  scraped,  and  the  wound  united 
with,  two  or  three  sutures. 

Pterygium  may  also  be  removed  by  the  method  called  trans- 
planting. In  this  method,  it  is  dissected  off  up  to  its  base,  and 
then  inserted  into  an  incision  made  in  the  conjunctiva  parallel 
to  the  lower  edge  of  the  cornea.  It  is  retained  there  by  sutures. 
Pterygium  may  also  be  removed  by  ligature.     A  thread  is  passed 


Fig.  132. -Removal  of  Pterygium  by  Excision.     (Stellwag.  ) 
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around  the  growth  at  two  or  more  points,  and  tied  so  as  to 
cause  strangulation.  In  some  instances,  it  may  be  preferable, 
when  the  growth  has  encroached  upon  the  pupil,  to  make  a  new 
pupil  by  an  iridectomy,  opposite  the  clear  part  of  the  cornea. 

The  after-treatment  is  very  simple.  The  patient  should  have 
his  eye  bandaged  to  go  home,  if  the  weather  be  bad,  but  if  not, 
an  ordinary  shade  suffices.  The  sutures,  which  should  be  of 
black  silk,  made  aseptic  before  the  operation,  may  be  removed 
in  from  three  to  four  or  more  days,  as  they  seldom  cause  much 
irritation.  The  patient  may  use  a  mild  astringent  for  a  few 
days  after  the  sutures  have  been  removed,  or  there  will  be  likely 
to  be  a  moderate  attack  of  conjunctivitis. 

XEROPHTHALMIA,   OR  DRYNESS  OF  THE  EYE. 
(Zvpog,  dry,  and  o<pda/,/tocy  eye.) 

This  disease  when  it  occurs,  which  is,  fortunately,  very 
rarely,  usually  results  from  severe  chronic  conjunctivitis. 
The  pathology  of  the  disease  is  atrophy  and  cicatricial  change 
in  the  cornea,  conjunctiva,  and  subconjunctival  tissue,  the 
surface  being  of  dirty  greenish  or  grayish  color  and  tendi- 
nous appearance,  and  dry,  scaly,  and  stiff  from  destruction  of 
secreting  apparatus.  It  produces  obliteration  of  the  palpebral 
folds,  and  more  or  less  adhesion  of  the  lids  to  the  globe. 

Treatment  is  useless,  except  to  mitigate  the  affection.  The 
dryness  of  the  conjunctiva  may  be  alleviated  by  a  mild  wash, 
such  as  milk  or  glycerin. 

SYMBLEPHARON. 
(aw,  together,  fUetyapov,  eyelid.) 

This  disease  is  an  adhesion  between  the  conjunctiva  of  the  lids 
and  the  globe.  It  has  already  been  alluded  to  in  discussing  in- 
juries of  the  conjunctiva.  It  results  from  injuries  causing  exco- 
riation and  sloughing,  or  from  long-continued  inflammation. 
The  adhesion  may  be  complete  or  only  partial,  in  form  of  small 
bands  or  bridles.  It  is  very  difficult  of  cure, — in  many  cases  a 
cure  is  impossible.  The  best  operation,  where  the  case  admits  of 
one,  is  the  use  of  conjunctival  flaps.  Attempts  have  been  made 
to  transplant  conjunctiva  from  a  rabbit,  but  the  treatment  is  very 
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unsatisfactory  because  it  is  usually  unsuccessful.  The  complete 
transplantation,  grafting  of  mucous  membrane,  is  now  often 
substituted  for  the  other  operations.  Mucous  membrane  may 
be  taken  from  the  mouth.  It  should  be  very  much  larger  than 
the  defect  which  is  to  be  covered,  and  be  without  any  submucous 
tissue.  A  great  number  of  stitches  have  to  be  used  to  get  it 
into  good  position.  It  is  advised,  in  order  to  insure  its  applying 
itself  throughout  the  whole  wound,  to  put  in  one  or  two  loop 
stitches  at  the  fornix,  which  are  brought  through  the  substance 
of  the  lid,  and  tied  at  the  outside.  As  in  skin-grafting,  the 
graft  should  not  be  positively  fixed  until  all  the  bleeding  has 
been  arrested.  It  is,  therefore,  proper  to  begin  with  the  stitches 
that  attach  it  to  the  lid.  The  skin  from  the  lower  lid  may  be 
used  instead  of  mucous  membrane. 

Snellen  recommends  an  operation  for  bad  cases,  which  con- 
sists in  covering  the  inner  raw  surface  of  the  lid,  after  it  has 
been  detached  from  the  eye,  with  a  flap  of  skin  taken  from  the 
temple  near  the  outer  angle  of  the  lids.  After  cutting  the 
elongated  flap,  an  opening  is  made  below  its  base  into  the  con- 
junctival sac.  The  skin  is  then  pushed  through  this  opening, 
so  that  its  raw  surface  lies  against  that  of  the  detached  lid.  It 
is  maintained  in  this  position  by  stitches.  Berry  '  speaks  well 
of  this  operation.  Noyes,  in  New  York,  and  others  also  per- 
form it. 

ANCHYLOBLEPHARON. 

(aynvTicoaig,  stiffening,  and  (i'Aetyapor ,  lid.) 

This  is  an  adhesion  between  the  edges  of  the  lids.  It  is  from 
the  same  cause  as  symblepharon,  and  is  sometimes  associated 
with  it.     It  requires  the  same  kind  of  treatment. 


1  "Diseases  of  the  Eye,"  by  George  A.  Berry.     Philadelphia,  1S93,  p.  6(55. 
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Injury  of  the  cornea  always  involves  danger  to  the  sight. 
As  we  have  seen,  the  serious  consequences  of  conjunctival  dis- 
ease are,  that  it  may  involve  the  cornea.  In  this  chapter,  pri- 
mary and  independent  diseases  of  this  tunic  will  be  chiefly 
considered.  It  is  hardly  possible  in  actual  practice,  nor  is  it 
desirable,  to  separate  those  arising  in  the  cornea  itself,  and  those 
occurring  secondarily  from  disease  of  the  conjunctiva. 

INJURIES    OF  THE   CORNEA. 

Foreign  bodies,  such  as  bits  of  steel,  cinders,  gun-caps,  filings, 
beards  of  grain,  gunpowder,  sawdust,  are  some  of  the  foreign 
bodies  which  may  strike  the  cornea,  and  lodge  in  its  tissue, 
without  passing  into  the  anterior  chamber.  If  they  lodge 
superficially,  especially  since  the  discovery  of  the  anaesthetic 
properties  of  cocaine,  they  are  not  dangerous,  and  are  readily 
removed,  and  very  often  with  no  trace  of  their  presence,  and  no 
detriment  to  the  sight.  To  remove  a  foreign  body  from  the 
cornea,  it  should  be  first  anaesthetized,  by  the  instillation  of  a 
few  drops  of  a  four-grain  solution  of  cocaine.  Two  or  three 
instillations  in  as  many  moments  are  sufficient,  if  the  body  is 
not  situated  very  deeply.  A  spud  is  the  instrument  to  be  em- 
ployed.    A  good  light  is  essential.     Sometimes  it  will  be  neces- 
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sary  to  concentrate  one  from  a  double-convex  lens  upon  the 
cornea,  oblique  illumination,  but  not  usually.  With  the  cornea 
anaesthetized  by  cocaine,  an  assistant  may  be  dispensed  with. 
If  the  foreign  body  be  deeply  situated,  and  frequent  scrapings 
of  the  cornea  about  and  under  the  foreign  body,  are  necessary 
to  remove  it,  it  will  be  necessary  to  repeat  the  instillations,  and 
continue  the  scraping  until  the  substance  is  entirely  gone.     Then 

a  needle  must  be  substituted  for  the 
spud.  If  only  the  epithelium  be  in- 
volved, considerable  scraping  to  remove 
the  particles  will  be  well  tolerated,  and  the  eye  will  quickly  heal. 
In  some  cases,  it  may  be  necessary  to  keep  the  patient  from  his 
usual  occupation,  for  twenty-four  hours  or  more,  after  the  re- 
moval of  a  foreign  body  from  the  cornea,  but  in  superficially 
attached  particles,  even  this  precaution  will  not  be  necessary. 
In  many  machine-shops,  there  are  expert  workmen  who  readily 
remove  these  foreign  bodies  from  the  eyes  of  their  fellow -work- 
men, with  a  knife-blade,  a  probe,  or  other  instruments.  Were 
they  to  add  cocaine  to  their  appliances, 
their  skill  would  be  greatly  assisted. 
When  a  foreign  body  is  so  deeply 

&  J  r  f  Fig.  134.— Needle. 

situated  in  the  cornea,   that  there  is 

danger  by  manipulation  of  getting  it  into  the  anterior  chamber, 
it  is  necessary  to  proceed  with  much  more  caution.  The  pa- 
tient should  be  placed  upon  a  table,  the  eye  anaesthetized,  and 
with  a  very  irritable  patient  general  anaesthesia  had  better  be 
employed.  If  the  operator,  after  a  careful  trial  with  a  needle 
and  spud,  cannot  raise  the  foreign  body  from  its  bed,  a  magnet 
may  be  used.     If  this  fails,  as  it  will  be  apt  to,  on  account  of 

the    embedding    of   the  particle,   it 

-=-"-■  ji "-^r  will   be   well    to    employ   Agnew's 

fig.  (35,-grooved  Spud.  method  which  will  now  be  described. 

The  eye  is  held  open  by  a  spring 
speculum,  in  the  usual  way,  and  fixed  with  a  fixation  forceps. 
A  Beer's  cataract  knife  is  then  passed  through  the  cornea,  so  as 
to  be  behind  the  foreign  body.  The  surgeon  can  then  work  upon 
it  with  needle  or  spud  or  forceps,  until  it  is  extracted  without 
danger  of  the  foreign  body  passing  through  the  cornea  into  the 
anterior  chamber. 
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TREATMENT  OF  INJURIES    OF   THE    CORNEA. 

The  primary  treatment  of  injuries  and  wound  of  the  cornea 
is  to  put  the  eye  at  rest,  and  allay  irritation  by  soothing  applica- 
tions. Atropine  and  cocaine  should  be  applied  several  times 
daily,  and  iced  cloths  if  the  reaction  be  severe.  Where  the  epi- 
thelium is  abraded,  a  few  drops  of  olive  oil  are  useful  to  lubri- 
cate the  parts  and  allay  pain.  The  compress  bandage  may  be 
used  to  restrain  motion  of  the  lids  and  to  exclude  light.  It  may 
be  said,  in  a  general  way,  that  an  injury  of  the  cornea,  not  at- 
tended with  great  pain  or  watering  of  the  eye,  where  the  epithe- 
lium is  simply  scraped  off,  is  usually  best  treated  by  the  use  of 
atropine  or  scopolamine,  and  a  bandage.  Beyond  this  the  treat- 
ment must  be  adapted  to  the  special  requirements  of  the  case. 

Foreign  bodies  embedded  deep  in  the  cornea,  have  sometimes 
been  removed  by  a  corneal  trephine  (Agnew). 

BURNS  OF  THE   CORNEA. 

Certain  chemical  agents  or  burns  have  serious  influences 
upon  the  cornea,  and  however  early  they  are  seen  after  the 
occurrence,  are  apt  to  leave  permanent  opacities.  A  scratch 
from  the  finger-nail,  such  as  is  not  infrequently  inflicted  by 
very  young  children  or  infants  upon  the  cornea  of  their  nurses 
or  parents,  is  a  painful  and  serious  injury,  which  may  be  long 
in  healing.  A  flannel  bandage  skilfully  applied  is  often  very 
useful  by  keeping  the  eye  at  rest.  Such  scratches  do  not  often 
leave  a  permanent  opacity,  since  they  usually  involve  only  the 
epithelium.  Wounds  of  the  cornea  that  penetrate  entirely 
through  its  tissue,  are  dangerous,  because  with  them  occurs  pro- 
lapse of  the  iris,  which  may  result  in  its  being  fastened  in  the 
wound,  anterior  synechia,  with  all  its  permanent  consequences 
to  the  eye.  When  the  iris  is  once  adherent,  either  to  the  cornea 
or  to  the  capsule  of  the  lens,  the  capacity  of  the  eye  for  accom- 
modation is  impaired.  It  must  always  work  under  a  disadvan- 
tage, at  occupations  requiring  accommodative  power.  Injuries 
deeper  than  the  epithelium  and  Bowman's  membrane,  involving 
the  so-called  "  true  structure"  of  the  cornea,  will  usually  leave 
a  permanent  opacity,  even  when  they  occur  in  very  young  chil- 
dren. We  often  find  them  very  materially  impairing  the  vision 
19 
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in  young  men  and  young  women,  who  were  so  young  when  they 
suffered  the  injury  causing  the  ulceration,  that  they  do  not  re- 
member it.  Sometimes  the  opacities  can  only  be  seen  by  oblique 
illumination.  There  are  also  facets  transparent  that  alter  the 
curvature  of  the  cornea,  and  produce  irregular  astigmatism,  Jbut 
these  facets  impair  vision  almost  as  much  as  opacities. 

KERATITIS. 
(xepag ,  horn . ) 

1.  Diffuse  keratitis,  or  interstitial  or  parenchymatous  kera- 
titis. 

2.  Circumscribed  keratitis — ulcers,  abscesses. 

3.  Vascular  keratitis. 

4.  Bullae  of  the  cornea. 

5.  Phlyctenular  keratitis. 

Diffuse  keratitis  presents  a  great  variety  in  appearance  and 
origin.  The  clinical  picture  shows  a  general  haziness  of  the 
entire  surface.  This  haziness  is  due  to  cell  proliferation  in 
the  deeper  layers  of  the  cornea.  It  usually  extends  from 
the  margin  to  the  centre  of  the  cornea,  rarely  from  the 
centre  to  the  margin.  It  varies  in  degree  from  slight  hazi- 
ness to  a  dense  opacity,  like  that  of  ground  glass.  It  is 
generally  of  a  grayish  color,  and  may  be  thicker  in  some  parts 
than  others,  and  thus  produce  white  or  yellowish  patches. 

From  the  loss  of  epithelium,  the  surface  also  may  lose  its 
polish,  and  assume  a  dull,  stippled  appearance.  Blood-vessels 
sometimes  appear  in  the  margin  and  run  toward  the  centre. 
They  may  in  some  cases  be  so  numerous  as  to  produce  a  bright 
red  color,  like  that  from  extravasated  blood. 

When  connected  with  other  symptoms,  diffuse  keratitis 
gives  undoubted  evidence  of  inherited  syphilis.  The  other 
symptoms  are  want  of  development  of  the  upper  jaw,  impair- 
ment of  hearing,  nodes  upon  the  tibia?,  glandular  swellings,  and 
a  peculiar  notching  of  the  teeth.  It  is  not  necessary  to  have 
all  of  these  with  the  cloudy  cornea,  to  mark  the  disease.  Some 
of  them  may  be  absent,  but  Hutchinson's  notched  teeth  once 
present,  with  the  keratitis,  and  we  may  be  sure  that  we  are 
dealing  with  a  case  of  congenital  syphilis. '     Accompanying  the 

1  The  profession  is  indebted  to  Jonathan  Hutchinson,  of  London,  for  an  ex- 
haustive monograph  upon  this  subject  of  congenital  syphilis,  with  especial  refer- 
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diffuse  opacity,  or  ground-glass  appearance  of  the  cornea,  is  the 
zone  of  ciliary  redness,  watery  eyes,  and  photophobia,  which 
exist  in  greater  or  less  degree,  according  to  the  activity  of  the 
case.  The  origin  of  such  cases,  as  has  been  said,  is  to  be  found 
in  a  syphilitic  taint  in  one  or  both  parents.  It  is  often  very 
difficult  to  procure  positive  evidence  upon  this  point,  but  the  ap- 
pearance of  these  symptoms  in  a  pronounced  way  is  sufficient 
proof,  with  no  appearances  in  either  parent  that  positively 
point  to  the  presence  of  syphilis. 

It  is  thought  by  some  that  this  form  of  circumscribed  kera- 
titis (Callan,  New  York)  occurs  even  in  the  course  of  acquired 
syphilis,  as  well  as  in  hereditary.  If  this  be  so,  it  is  at  least  a 
rare  occurrence.  Acquired  syphilis  rarely  if  ever,  invades  the 
cornea.  This  is  a  remarkable  clinical  fact,  for,  while  we  have 
a  large  proportion  of  cases  of  iritis,  due  to  acquired  syphilis, 
as  well  as  retinitis,  choroiditis,  hyalitis,  and  even  scleritis,  we 
may  safely  say,  that  an  adult  subject  suffering  from  primary 
syphilis  scarcely  ever  presents  the  characteristic  signs  of  diffuse 
keratitis,  which  are  so  marked  as  one  of  the  evidences  of  con- 
genital disease  of  the  same  character. 

Treatment. — This  should  be  in  the  first  place  hygienic,  and 
then  anti-syphilitic,  by  mercurial  inunctions,  using  the  oleate  of 
mercury,  and  by  the  iodide  of  potassium  internally.  Great  care 
should  be  taken  in  the  administration  of  the  latter  drug,  that  is, 
not  to  give  over-doses,  and  to  give  it  well  diluted,  so  that  its  use 
may  be  maintained  for  a  very  long  time.  The  mercurial  treat- 
ment is,  however,  more  important  in  congenital  syphilis  than 
that  by  the  iodide  of  potassium,  that  is  to  sa}T,  it  is  much  more 
likely  in  ordinary  treatment  that  the  mercurial  be  not  quite  long 
enough,  while  the  iodide  of  potassium  is  pushed  too  far.  Great 
stress  should,  therefore,  be  laid  upon  the  long-continued  use  of 
mercurial  inunctions.     They  may  be  continued  for  months. 

Tonics  and  nutrients,  such  as  cod-liver  oil  and  iron,  are  also 
generally  indicated.  The  patient  should  be  much  in  the  open  air 
if  possible,  and  in  every  way  means  taken  to  maintain  the  best 
possible   general    condition.     An    inflammation  of  the   cornea, 

ence  to  the  facial  signs. — want  of  development  of  the  upper  jaw.  notched  and 
badly  shaped  teeth,  which  is  still  well  worthy  of  the  attention  of  the  reader.  "A 
Clinical  Memoir,"  Churchill,  London,  1863. 
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which  is  not  traumatic  in  origin,  always  indicates  that  there  is 
something  wrong  in  the  general  health.  The  method  of  its 
healing,  its  rapidity,  and  so  forth,  will  furnish  an  index  of  the 
nutrition  of  the  patient.  By  this  I  mean  merely  to  say,  that  ker- 
atitis is  a  disease  of  poorly  nourished  people,  and  the  non-healing 
of  a  corneal  wound  indicates  a  somewhat  lowered  state  of  the 
general  health.  Locally,  atropine  and  cocaine  are  to  be  used, 
and  when  the  photophobia  and  lachryrnation  are  marked,  fomen- 
tations should  be  made  with  hot  water,  by  dipping  absorbent 
cotton  into  boiling  water,  and  applying  it  to  the  eyes,  very  fre- 
quently during  the  day.  The  patient  should  wear  a  veil,  broad- 
brimmed  hat,  or  colored  glasses,  or  similar  protection,  when  in 
the  open  air.  Pains  should  be  taken  that  children,  suffering 
from  this  disease,  should  not  bury  their  heads  in  the  pillows,  or 
keep  away  from  the  light  constantly,  as  they  are  very  much 
inclined  to  do,  on  account  of  the  photophobia.  One  of  the  great 
objects  of  treatment  in  the  beginning  of  a  case  is  to  alleviate 
this  very  painful  symptom. 

Prognosis.  — In  spite  of  the  very  discouraging  appearances 
of  cases  of  diffuse  keratitis  dependent  upon  congenital  syphilis, 
in  their  onset,  and  the  fact  that  the  sight  may  be  impaired  at 
an  early  period  so  that  only  quantitative  perception  remains, 
the  prognosis,  in  persons  who  can  be  put  under  proper  hygienic 
conditions,  is  usually  good.  While  a  person  attacked  in  the 
ears  by  the  poison  of  congenital  disease,  rarely  recovers  his  hear- 
ing, on  the  contrary  where  the  eyes  are  inflamed  the  sight  is 
usually  regained,  at  least  to  a  very  comfortable  degree,  in- 
volving the  ability  to  read  and  sew  and  the  like.  Having  once 
made  a  diagnosis,  and  with  the  means  of  securing  proper  care 
for  the  patient,  we  may  usually  hold  out  the  hope  of  a  clear- 
ing up  even  of  very  cloudy  corneaB,  and  consequent  restoration 
of  sight. 

It  is  thought  by  some,  that  the  treatment  by  tonics  and 
nutrients  is  all  that  is  necessary,  that  the  mercury  and  potash 
may  be  omitted,  but  having  had  excellent  results  in  nearly  all 
my  cases  with  a  strict  and  long-continned  anti-syphilitic  treat- 
ment, I  should  be  unwilling  to  abandon  it.  There  will,  however, 
be  often  intervals  in  the  management  of  such  cases,  when  the 
use  of  the  specifics  should  be  suspended,  and  only  general  by- 
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gienic  care  be  prescribed.  I  have  had  under  occasional  observa- 
tion, for  twenty  years,  a  woman,  now  about  forty  years  of  age, 
who  in  spite  of  several  relapses  from  diffuse  keratitis  still  re- 
tains good  sight  and  not  particularly  sensitive  eyes.  During 
all  this  period  she  has  been  a  school-teacher.  On  the  other  hand 
I  have  seen  cases,  happily  exceptional,  where  complete  loss  of 
sight  has  been  the  permanent  result  of  tolerably  thoroughly 
conducted  treatment.  They  are  always  cases  in  which  the  gen- 
eral nutrition  was  hopelessly  impaired.  I  believe  with  Jonathan 
Hutchinson,  that  mercury  is  an  antidote  to  syphilis,  quite  as 
much  as  quinine  is  one  for  malarial  poisoning. 

Diffuse  keratitis  of  a  local  origin,  should  be  treated  in  the 
same  manner  as  that  dependent  upon  congenital  syphilis,  ex- 
cept that  the  specifics  may  be  omitted.  The  bichloride  of  mer- 
cury will,  however,  be  found  to  be  a  good  tonic  in  many  cases 
of  keratitis. 

SUPPURATIVE   KERATITIS. 

In  this  form,  inflammatory  infiltration  becomes  changed  into 
pus,  which  appears  as  a  yellow  opacity  in  the  corneal  tissue. 
The  suppuration  may  be  limited,  or  the  entire  cornea  may  be 
changed  into  a  yellow,  necrosed  mass.  If  a  suppuration  is  en- 
closed by  corneal  tissue, 
it  forms  an  abscess,  if 
superficial,  an  ulcer. 
Sometimes  the  pus 
sinks  down  between  the 
layers  to  the  lower  mar- 
gin of  the  cornea,  pre- 
senting the  appearance 
called  onyx  (<fou?,  nail)  or  unguis  (Latin  for  nail),  from  resem- 
blance to  the  lunula  of  the  finger-nail.  If  pus  breaks  through 
into  the  anterior  chamber,  it  forms  hypopyon.  By  oblique  illu- 
mination, and  looking  at  the  cornea  in  profile,  it  is  generally 
easy  to  distinguish  between  onyx  and  hypopyon.  Sometimes 
they  coexist,  as  shown  in  the  cut  above.  The  suppurative  pro- 
cess may  be  attended  with  vascularity  and  very  active  symptoms, 
or  there  may  be  no  vessels  and  little  or  no  irritation.  The  latter 
form  is  specially  dangerous  from  rapid  death  and  sloughing  of 
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-Deep  Ulcer.    (Stell- 
wag.; 


Fig.  138.— Ulcer  and  Prolapsed  Iris. 
(Stellwag.  ) 


the  tissue.  Abscesses  may  be  absorbed  or  burst  open,  or  pus 
may  undergo  fatty  or  chalky  degeneration,  leaving  a  dense 
opacity.     When  the  abscess  opens  an  ulcer  results.     Ulcers  also 

occur  superficially,  without  precedent 
abscess.  They  are  of  variable  size,  shape, 
and  depth,  and  dangerous  according  to 
their  situation  and  course.  A  very  dan- 
gerous form  is  the  crescentic  marginal 
ulcer,  which  shows  a  tendency  to  encircle 
the  cornea  and  cut  off  the  nutrition  of  the  central  parts.  In 
small  ulcers  extending  to  Descemet's  membrane,  the  latter  may 
bulge  forward  through  the  ulcer  like  a  vesicle,  forming  kera- 
tocele,  or  hernia  of  the  cornea.  Perforation  generally  follows. 
Larger  ulcers  frequently  lead  to  staphyloma.  If  an  ulcer  goes 
on  to  perforation,  there  is  a  sudden 
escape  of  the  aqueous  humor,  which 
is  apt  to  carry  the  iris  forward  into 
the  wound,  where  it  may  become 
firmly  adherent  during  the  healing 
of  the  ulcer,  forming  what  is  called 
anterior  synechia  (<rov,  together,  and  ty<°i  to  hold).  If  the  per- 
foration is  large  the  iris  may  protrude  through  it,  and  become 
adherent  around  its  edges,  leaving  staphyloma.  Sometimes  after 
the  healing  of  the  ulcer,  reaccumulation  of  the  aqueous  humor 
and  action  of  the  pupillary  muscles  are  sufficient  to  tear  loose 

the  adhesions  of  the  iris,  and  allow 
it  to  fall  back  into  its  proper  place. 
The  lens  may  also  be  carried  for- 
ward with  the  iris  against  the 
perforation,  and  when  it  returns 
to  its  position,  it  is  apt  to  carry 
with  it  some  inflammatory  de- 
posit on  its  anterior  capsule,  forming  anterior  capsular  cataract. 
The  adhesion  of  the  iris  and  lens  to  the  posterior  surface  of  the 
cornea,  may  be  so  extensive  and  firm  that  an  anterior  chamber 
is  never  re-established.  When  sloughing  of  the  cornea  is  very 
extensive  or  total,  escape  of  the  lens  and  vitreous,  and  atrophy 
of  globe  may  result.  Small  ulcers  may  be  filled  up  by  transpa- 
rent tissue  and  heal,  without  leaving  a  trace.     Slight  superficial 


Fig.  139.— Complete  Staphyloma  of  Iris. 
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cloudiness  may  remain,  which  gradually  clears  up,  or  a  perma- 
nent white,  tendinous  cicatrix  may  be  left.  During  the  healing 
process  vessels  appear  running  over  the  cornea  to  the  ulcer. 

Causes. — Suppurative  inflammation  may  result  from  the 
same  causes  as  other  forms.  It  is  a  dreaded  result  of  operations 
involving  corneal  incision,  especially  in  the  old  and  feeble  (see 
cataract).  Bruised  and  lacerated  wounds  are  apt  to  cause  it. 
It  is  also  one  of  the  dangers  of  purulent  conjunctivitis.  It 
occurs  in  paralysis  of  the  fifth  pair,  as  neuro-paralytic  ophthal- 
mia. Such  a  paralysis  renders  the  cornea  anaesthetic,  hence 
insensible  to  the  action  of  external  irritants,  and  seems  also  to 
exercise  a  bad  influence  upon  its  nutrition. 

Treatment. — This  includes  ordinary  remedies  for  keratitis. 
Special  cases  call  for  special  means.  It  is  not  customary  to 
evacuate  pus  except  in  hypopyon,  and  not  always  here.  Even 
a  large  hypopyon  is  often  re-absorbed.  It  is  often  essential  to 
keep  the  intra-ocular  pressure  reduced.  This  is  done  by  the 
operations  of  paracentesis  or  iridectomy.  Paracentesis  may  be 
repeated  frequently.  When  great  pain  occurs  in  conjunction 
with  suppurative  keratitis,  even  without  very  marked  increase 
of  tension,  it  is  important  to  perform  a  paracentesis,  but  if  the 
suppuration  goes  on  without  pain,  and  without  increased  tension, 
it  is  often  advisable  to  avoid  opening  the  cornea.  Cauteriza- 
tions with  pure  carbolic  acid,  or  the  actual  cautery,  are  sometimes 

efficient. 

PHLYCTENULAR  KERATITIS. 

The  description  of  this  disease,  has  already  been  given  in  the 
chapter  upon  phlyctenular  conjunctivitis.  It  only  differs  from 
that  affection,  by  the  appearance  of  a  pustule  or  phlyctenule  upon 
the  cornea.  Of  course,  at  the  same  time  there  may  be  phlycte- 
nules upon  the  conjunctiva.  Fortunately  the  nodules  occur 
chiefly  at  the  margin  of  the  cornea.  They  appear  as  inflamma- 
tory nodules,  singly  or  in  groups.  They  may  be  surmounted  by 
vesicles,  which  burst  and  leave  small  ulcers,  or  ulcers  may 
result  from  loss  of  tissue  in  the  nodule  without  the  intermediate 
formation  of  a  vesicle.  When  the  eruption  is  limited,  the  at- 
tendant congestion  is  partial,  a  triangular  network  of  vessels 
is  seen  running  toward  the  phlyctenule,  its  base  toward  the 
retro-tarsal  fold  and  its  apex  at  the  phlyctenule,  if  this  is  at  the 
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edge  of  the  cornea.  If  the  phlyctenule  lie  some  distance  from 
the  edge  of  the  cornea,  the  apex  of  the  triangle  appears  cut  off 
at  the  latter — a  space  of  clear  tissue  intervening  between  it  and 
the  phlyctenule.  If  the  disease  is  severe,  vascular  keratitis 
may  supervene,  the  vessels  extending  upon  the  cornea  quite  up 
to  the  phlyctenule.  The  pain  and  photophobia  are  generally 
marked,  the  latter  symptom  sometimes  being  out  of  all  propor- 
tion to  the  amount  of  inflammation. 

The  secretions  from  the  eye,  are  very  irritating  to  the  skin 
upon  which  they  flow.  They  soon  act  upon  the  epidermis  and 
cause  superficial  ulcerations;  nasal  catarrh  is  always  an  accom- 
paniment of  the  typical  forms  of  the  disease.  In  fact,  phlycten- 
ular keratitis,  is  but  the  same  form  of  conjunctivitis  extending 
upon  the  cornea.  It  is  possible  that  some,  if  not  many,  cases 
originate  in  the  nasal  mucous  membrane,  and  that  the  rubbing 
of  the  hypersemic  conjunctiva  with  the  secretion  from  the  nos- 
trils, is  the  first  cause  of  the  phlyctenule.  There  are  phlyctenular 
inflammations,  however,  without  nasal  catarrh.  The  disease 
may  arise  from  direct  irritation  of  the  ciliary  nerves,  or  be  ex- 
tended to  them  from  the  fifth  pair.  It  is  unnecessary  to  go  again 
into  the  subject  of  the  treatment  of  phlyctenular  disease.  The 
reader  will  find  that  fully  considered  under  the  head  of  phlycten- 
ular conjunctivitis.  The  only  deviation  from  the  treatment  in 
the  former  case  is,  that  atropia  is  more  urgently  indicated  in 
keratitis  than  in  conjunctivitis.  It  has  been  objected  to  the  use 
of  atropia  in  mild  forms  of  keratitis,  that  it  dilates  the  pupil,  and 
exposes  the  eye  unnecessarily  to  light,  but  I  think  this  is  a  purely 
theoretical  objection.  As  a  matter  of  fact,  the  eye  is  always 
shaded  from  very  strong  light,  and  the  benefit  from  the  release 
of  the  action  of  the  ciliary  muscle  is  very  considerable.  Super- 
ficial ulcers  may  be  sometimes  treated  by  scraping  them. 

VASCULAR  KERATITIS    (PANNUS). 

This  disease  is  characterized  by  superficial  infiltration,  and 
grayish  cloudiness  of  the  cornea,  with  a  network  or  a  solid  mass 
of  vessels  traversing  the  affected  region. 

The  epithelium  may  be  removed  in  the  course  of  the  disease, 
and  cause  superficial  ulceration  and  great  pain.  The  pain  is 
due  to  exposure  of  the  nerves. 
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This  disease  is  the  pannus  of  older  writers.  It  is  usually  a 
consequence  of  trachoma,  but  it  may  occur  spontaneously,  or  in 
conjunction  with  diffuse  and  phlyctenular  keratitis.  The  cov- 
ering of  the  cornea  by  blood-vessels  is  a  reparative  process,  or 
rather  a  protective  one  to  guard  the  cornea  from  ulceration  in 
the  course  of  granular  conjunctivitis.  In  such  cases  attention 
to  the  primary  disease  soon  causes  the  vessels  to  shrivel  and 
disappear.  But  as  an  independent  affection  as  it  sometimes  is, 
or  occurring  ir  the  course  of  diffuse  keratitis,  it  is  much  more 
obstinate  to  treatment. 

Pannus  {pannus,  a  cloth)  is,  strictly  speaking,  a  non-inflam- 
matory, superficial,  vascular  opacity  of  the  cornea — a  neoplastic 
formation  left  by  preceding  inflammation.  The  term,  however, 
is  also  applied  to  acute  and  chronic  vascular  keratitis,  when 
formation  of  new  tissue  is  still  in  progress.  The  disease  may 
involve  a  part  or  all  of  the  cornea.  The  mild  form  is  called 
pannus  tennis,  the  severe  one  pannus  crassus.  In  extreme  de- 
grees, the  cornea  may  have  a  red,  fleshy  appearance.  The  dis- 
ease may  continue  for  months  or  years  without  marked  change. 
A  complete  cure  may  occur,  but  it  is  rare.  As  a  rule,  opacities 
are  left,  and  sometimes  the  cornea  is  completely  covered  by 
a  thick,  dry,  tendinous-looking  membrane.  It  may  become 
thinned  and  bulged  forward.  The  most  frequent  cause  of 
pannus  is  trachoma,  and  the  corneal  surface  may  then  present 
granulations  like  those  on  lids.  It  may  be  traumatic  from 
long-contiuued  irritation,  such  as  that  from  foreign  bodies,  in- 
verted cilia,  exposure  to  the  atmosphere,  and  so  forth.  The 
treatment  aims,  after  removing  the  cause,  to  hasten  resolution 
of  the  opacity.  For  this,  irritant  powders  and  ointments  are 
used  if  no  inflammation  exists.  Sometimes  remedies  lose  their 
effect  and  must  be  changed  or  intermitted. 

Treatment. — The  local  treatment  of  all  forms  of  keratitis 
involves  the  use  of  hot  fomentations,  atropia,  and  cocaine  ac- 
cording to  circumstances.  What  has  been  said  on  this  subject 
as  applicable  to  other  forms  applies  here  as  well. 

CONSEQUENCES   OF  KERATITIS. 

Opacities  of  the  cornea,  corneal  leucoma  ('.sox<>?,  white), 
staphylomata,  conical  cornea,  fistula  of  cornea. 
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Opacities  are  a  frequent  result  of  corneal  inflammations  with 
cicatricial  deposit.  They  are  divided  into  superficial  and  deep, 
the  former  affecting  the  epithelial  layer,  the  latter  the  paren- 
chyma. A  faint,  superficial  opacity  is  called  nebula  (Latin  for 
fog) ;  a  thick,  dense  one,  leucoma,  literally  a  white  tumor.  A 
cicatrix  combined  with  prolapse  and  adhesion  of  the  iris  is 
called  leucoma  adherens.  White,  chalky-looking  incrustations 
may  result  from  metallic  deposit,  as  where  a  lead  lotion  has  been 
applied  to  an  ulcerated  cornea.  Opacities  impair  the  vision  ac- 
cording to  the  alteration  of  curvature  accompanying  them,  and 
may  necessitate  constant  straining  for  vision  of  small  objects, 
leading  to  artificial  myopia  and  to  strabismus.  If  they  prevent 
distinct  retinal  impressions,  the  eye  may  become  amblyopic  from 
disuse  (?)  and  deviate  outward.  In  children  these  may  cause 
nystagmus.  Many  opacities  disappear  spontaneously,  especially 
in  young,  healthy  subjects.  As  a  rule,  the  more  recent  and 
superficial  the  opacity  the  better  the  chance  of  its  removal. 
Irritants  such  as  calomel  are  used  to  assist  absorption  by  ex- 
citing hyperemia  and  increased  tissue  change.  Lead  deposits 
are  sometimes  scraped  off  with  a'  knife  in  the  hope  that  the 
resulting  ulcer  will  be  filled  up  with  transparent  tissue. 
Where  opacities  are  central,  resist  all  treatment,  and  obstruct 
the  vision,  one  of  the  operations  for  artificial  pupil  may  be  per- 
formed. The  new  pupil  should  be  made  opposite  that  part  of 
the  cornea  that  is  most  transparent,  and  of  most  correct  curva- 
ture. Where  the  small  part  of  the  clear  cornea  remains  over 
the  pupil,  the  vision  may  often  be  improved  by  stenopceic  specta- 
cles (arsvos,  narrow,  and  <>-th  hole),  which  cut  off  lateral  and 
diffused  rays  of  light.  They  are  made  of  metal  or  ground- 
glass  plates  with  a  small  central  slit  or  hole.  They  contract  the 
visual  field  greatly,  and  can  be  used  only  for  close  work.  Un- 
sightly white  opacities  which  cannot  be  removed  are  sometimes 
tattooed  with  India  ink  for  a  cosmetic  effect.  Diffuse  cloudiness 
of  the  cornea,  sometimes  results  from  derangement  of  corneal  ele- 
ments by  increased  intra-ocular  pressure.  In  certain  diseases, 
such  as  serous  iritis,  irido-choroiditis,  and  so  forth,  fine  punctate 
opacities  are  deposited  on  the  posterior  surface  of  the  cornea 
(aquo-capsulitis) . 
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DISEASES  OF  THE   ANTERIOR   CHAMBER. 

The  affections  of  the  anterior  chamber,  like  those  of  the 
vitreous  humor,  are  hardly  to  be  considered  as  independent 
affections.  Yet  they  deserve  an  especial  eousideration  by  them- 
selves. Pus  in  the  anterior  chamber  (hypopyon)  is  a  not 
infrequent  and  serious  occurrence  in  certain  cases  of  keratitis, 
and  also  in  iritis.  Sometimes  it  is  seen  only  as  a  fine  grayish- 
white  line,  when  the  patient  is  lying  down,  so  that  the  pus 
falls  to  the  lower  part  of  the  chamber,  but  usually  it  is 
a  well-marked  quantity  of  pus  in  the  chamber.  It  may 
be  absorbed  if  the  quantity  be  not  large,  and  the  disease  of 
the  cornea  or  iris  upon  which  it  depends  come  under  control. 
If  the  quantity,  however,  be  large,  and  the  corneal  inflamma- 
tion or  that  of  the  iris,  be  not  abating,  a  paracentesis  of  the  cor- 
nea is  a  valuable  resource,  not  only  as  a  means  of  evacuating  the 
chamber  of  much  of  the  lymph  and  pus,  but  also  of  improv- 
ing the  nutrition  of  the  eyeball,  as  a  paracentesis  often  will. 
Besides  it  is  a  means  of  getting  a  more  thorough  action  of 
atropia,  when  the  cornea  does  not  readily  take  up  the  drug, 
that  is  applicable  in  certain  cases  of  keratitis  and  iritis,  when 
no  hypopyon  is  present. 

Hyphemia  in  the  Anterior  Chamber. — As  a  result  of  in- 
jury of  the  eyeball  and  hemorrhage  from  the  anterior  ciliary 
vessels,  blood  may  escape  into  the  anterior  chamber.  If  the 
other  injuries  are  not  serious,  the  blood  may  be  absorbed  and 
the  eye  be  restored.  Where,  however,  hemorrhages  occur  from 
the  iris,  which  has  become  degenerated  from  long-standing  dis- 
ease, one  hemorrhage  follows  another,  the  vitreous  humor  be- 
comes full,  the  eyeball  tense,  frightful  pain  ensues,  and  the  eye 
must  be  enucleated  to  give  relief  to  the  patient. 

Hemorrhage  into  the  Anterior  Chamber,  may  occur  in 
the  course  of  operations  for  chronic  glaucoma.  Sometimes  the 
blood  comes  from  the  conjunctiva,  when  it  is  readily  absorbed. 
The  operator  need  not  be  too  punctilious  about  securing  its  re- 
moval. If  from  the  iris  after  it  has  been  cut,  the  prognosis  is 
of  course  not  entirely  good,  although  this  blood  also  may  be 
absorbed.  When  the  bleeding  is  from  the  ciliary  vessels,  the 
prognosis  is  naturally  bad  for  the   safety   of   the   eye.     Once 
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having  occurred,  it  continues  to  occur  and  finally  destroys  the 
eye,  by  pressure  upon  the  choroid,  retina,  and  nerve. 


CICATRICIAL  STAPHYLOMATA. 

(orcKpv'AT/,  bunch  of  grapes. ) 

This  is  generally  the  result  of  ulcerative  keratitis.  The  floor 
of  the  corneal  ulcer,  is  very  apt  to  yield  and  bulge  forward  from 
intra-ocular  pressure.  During  the  healing  process,  the  bulging 
part  is  covered  over  with  cicatricial  tissue,  and  a  bluish-white 
protrusion,  or  staphyloma,  is  left.  To  this  the  iris  may  be  par- 
tially adherent  posteriorly.     Or   if   perforation  occur,  the  iris 


Fig.  140.— Various  Forms  op  Corneal  Staphylomata.     (Stellwag.) 

may  prolapse,  close  the  wound,  protrude  through  it,  and  form  a 
basis  for  the  cicatricial  deposit.  Staphyloma  may  be  partial  or 
total.  In  the  latter  case  it  involves  the  whole  cornea.  If  par- 
tial the  tendency  is  to  increase.  The  lens  may  retain  its  posi- 
tion, or  fall  forward  and  press  against  the  posterior  surface  of 
protrusion.  The  walls  of  the  staphyloma  may  be  very  thin,  and 
may  burst,  or  may  gradually  thicken  with  fresh  inflammatory 
deposit.  Eepeated  attacks  of  inflammation  and  ciliary  irritation 
may  occur,  and  finally  lead  to  sympathetic  ophthalmia,  espe- 
cially where  the  iris  is  involved  and  in  a  state  of  constant  ten- 
sion. Staphyloma  sometimes  results  from  wounds  of  the  cornea 
and  rarely  from  cataract  operations. 
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Treatment. — In  partial  staphyloma,  treatment  aims  to  pre- 
vent further  progress,  to  reduce  the  protrusion  already  existing, 
and  to  improve  the  vision.  Repeated  paracentesis  with  methodi- 
cal use  of  a  pressure  bandage,  or  iridectomy  followed  by  pressure, 
may  succeed.  In  very  extensive  or  total  staphyloma,  splitting  or 
incision  may  be  performed,  the  lens  being  also  removed.  Splitting 
is  done  by  passing  the  knife  through  the  long  diameter  of  the 
tumor,  and  allowing  the  edges  to  fall  together  and  unite  with  a 
view  to  producing  a  flatter  cicatrix.  Quite  a  piece  of  the  edges 
of  the  wounds  should  be  cut  off.  Excision  is  performed  by  cut- 
ting the  tumor  off  at  its  base,  and  allowing  the  edges  of  the 
wound  to  collapse  and  cicatrize.  Critchett's  operation  (Crit- 
chett,  London,  Nineteenth  Century)  consists  in  passing  several 
curved  needles  armed  with  silk  through  the  base  of  the  tumor 
and  cutting  the  latter  off  just  in  front  of  them.  The  needles 
are  then  drawn  through,  and  sutures  tied  so  as  to  unite  the 
edges  of  the  wound  and  form  a  flat  stump  for  an  artificial  eye. 
This  operation,  if  the  needles  go  through  the  ciliary  region,  is 
dangerous  from  risk  of  sympathetic  ophthalmia.  Enucleation 
is  often  preferable. 

CONICAL    CORNEA. 

Kerato-conus  is  a  cone-shaped  staphylomatous  protrusion 
of  the  cornea,  whose  cause  is  not  well  understood.  The  cornea 
is  thinned  and  less  resistant,  but  the  intra-ocular  pressure  is 
generally  not  increased,  and  is  sometimes  below  normal.  The 
affection  comes  on,  as  a  rule,  very  slowly,  and  without  pain  or 
irritation,  but  with  asthenopia.  It  occurs  only  in  persons  of 
delicate  constitution.  The  cornea  may  become  so  thin  as  to 
move  under  the  examination  with  the  ophthalmometer.  In  such 
a  case,  that  has  been  under  my  observation  and  that  of  Dr.  J. 
B.  Emerson  for  twelve  years,  the  corneal  astigmatism  has  de- 
veloped as  follows:  In  1879,  the  vision  was  -ff,  made  f$  with  a 
positive  glass  of  forty -eight  inches  focal  distance.  Four  years 
after,  a  cylindric  glass  of  +  -gV  was  required,  and  ten  years 
after  the  first  examination,  a  cylindric  glass  of  seven  diopters 
on  one  side,  and  of  four  on  the  other. 

If  conical  cornea  increases  greatly,  the  apex  becomes  ex- 
tremely thin,  and  is  apt  to  become  very  much  clouded,  but  it 
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never  bursts,  except  from  violence.  The  first  thing  noticed  by 
the  patient,  is  impairment  of  the  vision,  as  the  eye  becomes 
myopic  from  the  lengthening  of  the  axis,  and  astigmatic, 
from  irregular  curvature  of  the  cornea.  In  high  degrees  irreg- 
ular astigmatism  causes  great  distortion  and  reduplication  of 
images.  Slight  grades  are  often  overlooked ;  but  high  degrees 
may  be  easily  seen,  especially  in  profile.  If  the  eye  is  illumi- 
nated by  the  ophthalmoscope,  a  central  red  reflex  is  seen  sur- 
rounded by  a  dark  ring,  outside  of  which  is  a  second,  bright- 
red  ring.  By  throwing  the  light  from  different  angles,  the  side 
of  the  cone  opposite  the  light  is  seen  in  shadow.  If  the  fundus 
is  examined,  everything  is  seen  distorted.  The  ophthalmo- 
meter is  the  best  means  of  confirming  the  diagnosis  of  low 
degrees  of  conical  cornea. 

Treatment. — The  treatment  is  unsatisfactory.  There  is  little 
improvement  of  vision  from  glasses.  The  stenopeic  slit  is  oc- 
casionally of  use.  All  straining  of  the  eyes  must  be  avoided. 
Operative  treatment  comprises  iridectomy,  iridodesis,  trephining, 
and  Graefe's  operation,  which  consists  in  removing  a  superficial 
flap  from  the  apex  of  the  cone  and  cauterizing  the  part  a  few 
times  with  nitrate  of  silver,  so  as  to  produce  a  shrinking  cica- 
trix and  so  flatten  the  protrusion. 

KERATO-GLOBUS.  — HYDROPHTHALMIA.  — BUPHTHALMOS. 

(fiovg,  an  ox,  and  bf&aAjiog,  eye. ) 

This  is  a  uniform  spherical  bulging  of  the  entire  cornea,  and 
neighboring  part  of  the  sclerotic.     It  is  generally  associated 


Fig.  141.  Fig.  142. 

Total  Staphylomata.    (Stellwag.) 

with  increased  size  of  the  anterior  chamber  and  a  tremulous  iris 
and  lens.  The  condition  is  usually  congenital.  It  may  ap- 
pear after  inflammation.  The  cornea  may  remain  transparent 
or  become  cloudy,  especially  at  the  margin.     It  causes  great 
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impairment  of  the  vision,  changes  in  deeper  tissues,  and  often 
ultimate  blindness.  Treatment  is  of  little  use.  Iridectomy 
may  be  of  service  in  a  few  cases. 

The  cut  on  the  preceding  page,  from  Stellwag's  treatise,  gives 
a  graphic  and  correct  idea  of  total  staphyloma  (Fig.  1-1-2),  with 
complete  destruction  of  the  corneal  tissue,  and  general  staphylo- 
ma, with  iritis,  and  closure  of  the  pupil. 


FISTULA  OF  THE  CORNEA. 

This  may  result  from  a  wound  or  small  perforating  ulcer, 
and  is  very  difficult  of  cure.  The  aqueous  humor  continually 
drains  away,  and  the  eye  is  kept  irritated.  Treatment  comprises 
atropine,  touching  the  fistula  with  nitrate  of  silver,  bruising 
its  edges  with  fine  forceps  to  excite 
healing,  compress  bandage,  iridec- 
tomy, and  so  forth.  When  there  is 
so  much  disease  as  to  excite  sym- 
pathetic irritation  of  the  fellow- 
eye,  a  sightless  and  staphylomatous 
one  should  be  removed  without  hes- 
itation or  delay.  An  unsightly  sta- 
phylomatous eye  may  also  be  removed  for  cosmetic  reasons  alone. 
Such  an  operation  is  entirely  justifiable.  For  in  spite  of  good 
care,  such  eyes  are  apt  to  be  ultimately  lost.  Since  they  bear 
exposure  to  air  or  light  very  badly,  a  destructive  inflammation 
may  occur  at  any  time.  The  nature  of  the  condition,  an  an- 
terior synechia  always  existing,  explains  this. 

The   destructive   keratitis  figured   in  the  cut,  exhibits  the 
origin  of  fistula  of  the  cornea. 


Fig.  143.— Fistula  of  the  Cornea. 

(Stki.lwag.  ) 


CHAPTER   XVII 

DISEASES     AND     INJURIES     OF     THE    SCLERA     AND 

THE   IRIS. 

Wounds  of  the  Sclera. — Episcleritis. — Scleral  Staphyloma. — Wounds  of  the  Iris. 
— Iritis — Prognosis. — Varieties. — Treatment. — Cysts  and  Tumors  of  the  Iris. 

The  injuries  of  the  sclera  are  dangerous  if  perforating,  and 
especially  dangerous,  in  proportion  to  their  nearness  to  the  ciliary 
region.  If  perforating,  they  involve  damage  to  the  choroid, 
retina,  and  vitreous  humor,  and  are  more  or  less  harmful  to 
vision,  but  they  do  not  necessarily,  although  they  may  possibly, 
produce  sympathetic  ophthalmia.  But  an  injury  of  the  sclera 
close  to  the  ciliary  body,  or  running  into  it,  is  of  necessity  al- 
ways a  menace  not  only  to  that  eye,  but  also  to  the  safety  of 
the  fellow-eye.  Clean-cut  wounds  of  the  sclera  should  be  united 
by  sutures  (Pomeroy),  foreign  bodies  are  to  be  removed,  and 
the  patient  warned  that  the  removal  of  the  foreign  body,  if  it 
have  passed  through  the  sclera  into  the  choroid,  or  retina,  or 
into  the  vitreous,  does  not  preclude  the  occurrence  of  sympa- 
thetic irido-choroiditis,  no  matter  how  quickly  the  body  may  be 
removed,  nor  with  whatever  skill,  or  even  if  with  little  damage 
to  the  integrity  of  the  tissue. 

EPISCLERITIS— CHOROIDITIS  PARTIALIS  (Sichel) . 

This  disease  is  characterized  by  a  dusky  red  swelling  on 
the  sclera,  near  the  edge  of  the  cornea,  oftenest  on  the  temporal 
side. 

Episcleritis  may  simulate  a  phlyctenule,  but  close  observa- 
tion will  at  once  show  that  it  is  a  deeper  and  more  diffuse  red- 
ness than  that  characterizing  the  latter-named  condition.  This 
swelling  never  shows  any  tendency  to  ulcerate  or  suppurate.  In 
most  cases  there  is  ciliary  irritation  and  redness.  In  cases  of 
any  long  continuance,  a  diffuse  circumscribed  opacity  of  the 
cornea  occurs,  as  well  as  inflammation  of  the  iris  and  choroid. 
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It  is  very  doubtful  if  the  name  episcleritis,  iipcm  the  sclera,  is 
usually  comprehensive  enough,  for  the  disease  is  by  no  means  a 
superficial  one.  It  is  generally  an  obstinate  affection.  It  re- 
sists sometimes  treatment  for  months,  but  again  it  yields 
quickly.  It  is  connected  with  syphilis  in  a  certain  proportion 
of  cases,  but  not  a  large  one.  I  have  seen  many  cases  in  rather 
delicate  young  women  of  good  character,  who  gave  no  evidence 
of  any  kind  of  acquired  or  constitutional  syphilis.  It  occurs 
also  in  the  rheumatic  diathesis.  If  it  do  not  involve  the  cornea, 
iris,  or  choroid,  it  may  be  entirely  recovered  from  without  dam- 
age to  the  eye. 

Treatment. — Locally:  Calomel  insufflations  are  usually  of 
service,  together  with  the  dropping  in  of  atropia  solutions. 
Constitutionally:    Iodide  of   potassium  is  a  valuable  remedy, 

often  efficacious.  But 
the  iodide  often  fails 
to  be  of  service,  when 
pilocarpine  injections 
should  be  tried.  The 
latter  should  be  given 
early  in  the  evening, 
the  patient  being  in 
bed ;  the  dose  to  begin 
with  is  five  minims  of 
a  two-per-cent  solu- 
tion, which  should  be 

Fig.  144. -Total  Scleral  Staphyloma.     (Stellwag.)  increased       until       free 

perspiration  is  induced,  after  each  injection.  This  treatment 
may  be  safely  maintained  for  fourteen  to  twenty  days,  if  it  do 
not  interfere  with  the  general  health  of  the  patient.  Then  after 
an  interim  of  a  week  or  more,  if  the  disease  has  not  fully  yielded 
to  the  treatment,  it  should  be  repeated. 

Besides  the  use  of  pilocarpine  and  iodide  of  potassium  inter- 
nally, both  of  which  in  some  cases  act  very  beneficially,  I  have 
found  small  doses  of  calomel,  one-tenth  of  a  grain,  given  four 
times  a  day,  exceedingly  valuable  in  certain  cases  that  have 
resisted  the  medication  which  I  usually  adopt  in  the  beginning, 
that  is  to  say,  the  internal  use  of  the  agents  first  named.  One 
patient,  whom  I  have  lately  treated,  who  had  syphilis,  bore  the 
20 
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calomel  for  a  number  of  weeks,  and  never  showed  any  signs  of 
mercurial  poisoning,  while  the  eye  gradually  cleared  up. 

What  Arlt  calls  staphyloma  of  the  ciliary  body,1  is  a  charac- 
teristic result  of  episcleritis.  It  is  a  protrusion  in  the  anterior 
zone,  corresponding  to  the  situation  of  the  ciliary  body.  The 
sclera  has  gradually  become  gray  in  color,  and  at  the  same  time 
it  protrudes,  which  causes  a  pushing  forward  of  the  base  of  the 
cornea.  The  staphylomatous  swelling,  which  is  quite  abrupt  at 
the  corneal  margin,  is  gradually  flattened  out  toward  the  ora 
serrata. 

STAPHYLOMA    OF   THE    SCLERA. 

This  condition  is  most  serious,  for  it  involves  the  integrity 
of  the  eye.  It  is  a  result  of  disease  which  softens  the  tissues. 
The  disease  may  begin  in  any  part  of  the  eye.  It  occurs  as  a 
result  of  keratitis  following  purulent  conjunctivitis,  or  from 
long-continued  irido-choroiditis.  It  may  be  anterior,  involving 
the  front  of  the  eye  from  the  cornea  to  the  equator,  or  posterior, 
from  the  equator  to  the  optic  nerve.  A  scleral  staphyloma  may 
also  involve  the  whole  eyeball.  It  is  not  usually  a  disease  to  be 
interfered  with  by  operation.  In  many  cases  of  total  staphyloma, 
the  globe  is  so  large  that  the  lids  cannot  be  closed  over  them, 
and  causes  very  great  deformity,  as  well  as  inconvenience  to  the 
patient.  When  there  is  an  increase  of  tension,  there  may  be 
danger  of  sympathetic  trouble,  when  the  eyeball  should  be  re- 
moved by  enucleation.  Although  this  has  been  an  accepted 
opinion,  I  am  doubtful  if  sympathetic  inflammation  ever  arises 
from  a  staphyloma  of  the  sclera,  not  produced  by  ciliary  injury. 

INJURIES    OF   THE   IRIS. 

Wounds  of  the  iris  may  heal  readily,  and  if  they  do  not  in- 
volve the  ciliary  region,  they  are  not  necessarily  productive  of 
severe  inflammation,  nor  of  sympathetic  irido-choroiditis.  Blows 
may  rupture  the  iris  at  its  circumference  and  cause  separation 
of  it,  irido- dialysis,'  or  it  may  be  prolapsed  by  a  wound  and 
emerge  from  the  eye.  Wounds  of  the  iris,  during  cataract  op- 
erations, are  fully  treated  of  in  the  appropriate  chapter.  It  is 
usually  better  to  cut  off  the  prolapsed  iris  resulting  from  an 

1  '•  Krankheiten  des  Auges,"  1881,  p.  207. 
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injury,  if  the  case  be  seen  in  a  few  hours, — yet  it  may  be  some- 
times replaced  and  sulphate  of  eserine,  gr.  \  to  the  3L,  employed 
to  keep  it  in  position.  Eserine  is  a  drug  that  easily  sets  up 
iritic  inflammation;  it  is,  therefore,  to  be  used  with  caution; 
its  effects  should  be  watched  after  each  application.  After  the 
prolapsed  iris  is  cut  off,  atropine  should  be  used,  gr.  ij.  to  the 
5i.,  and  a  flannel  bandage  applied.  It  is  sometimes  proper  to 
tiv.it  a  prolapsed  iris  by  punctures  with  a  needle,  in  order  to 
induce  sufficient  flattening  to  cause  it  to  cease  to  be  a  source  of 
irritation. 

IRITIS— INFLAMMATION   OF  THE   UVEAL  TRACT. 

This  is  one  of  the  frequently  occurring  diseases  of  the  eye. 
It  is  one  that  is  easily  overlooked  in  its  early  stages  by  practi- 
tioners who  do  not  see  much  of  ophthalmic  diseases.  The  con- 
sequences of  a  mistake  in  diagnosis  are  serious.  Iritis  is  most 
frequently  mistaken  for  conjunctivitis. 

Characteristics. — Iritis    is  characterized  by    injection  of 
theciliary  vessels,  by  a  loss  in  brilliancy  of  the  color,  by  more 
or  less  rigidity  of  the  pupil,  lachrymation  and  photophobia, 
and   subjectively   by  pain,  usually   of  a  severe  and  neuralgic 
character,  and  by  impairment  of  vision. 

If  all  these  symptoms  were  present  in  every  case,  it  would 
be  a  stupid  observer  indeed,  who  once  having  noted  them, 
or  who  had  even  heard  them  once  fully  described,  did  not 
recognize  the  disease,  when  a  case  was  presented  to  him. 
But  unfortunately,  iritis  is  not  always  plainly  marked  out  by 
the  presence  of  all  these  symptoms.  The  ciliary  redness  may 
be  present,  but  the  loss  of  color  of  the  iris  may  be  slight,  pain 
may  be  nearly  wanting,  the  vision  may  not  be.  markedly  im- 
paired— although  watering  to  a  slight  degree  at  least,  with 
photophobia,  is  present  in  nearly  all  eases — and  we  may  yet 
have  iritis,  and  iritis  of  a  dangerous  form.  The  immobility  of 
the  iris  is  sometimes  masked,  so  that  we  are  not  aware  that  it 
has  suffered  until  a  mydriatic  is  used,  and  we  find  it  very  slug- 
gish. If  a  patient  with  suspected  iritis,  come  to  the  practitioner 
who  lias  no  very  large  experience  with  diseases  of  the  eye,  he 
should  examine  the  case  very  carefully  with  a  magnifying 
glass,  and  he  should   question  him  as  to  whether  there  is  any 
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gluing'  together  of  the  lids  in  the  morning.  It  is  a  fact,  that 
even  in  cases  of  iritis  of  considerable  severity,  the  secretions  are 
so  thin  and  watery,  that  the  lids  are  not  found  glued  together 
after  sleep,  while  in  the  mildest  forms  of  conjunctivitis  they  are. 
If,  after  all,  the  observer  cannot  definitely  decide  whether  his  pa- 
tient has  or  has  not  iritis,  he  should  apply  a  solution  of  atropia 
or  scopolamine.  If  the  iris  dilate  promptly  in  twenty  minutes, 
well  out  to  the  margin,  he  may  know  that  he  has  no  iritis.  If, 
however,  it  dilate  very  sluggishly,  or  if,  what  is  of  course  crucial 
evidence,  the  slightest  irregularity  of  its  pupillary  border  ap- 
pear, there  is  a  synechia,  and  the  existence  of  iritis  is  demon- 
strated. Happily,  the  diagnosis  is  usually  easily  made  by  a 
careful  observer.  Inflammation  of  the  uveal  tract  is  the  name 
to  be  preferred  to  iritis,  on  many  accounts,  but  so  firmly  in  the 
term  iritis  fixed  in  the  professional  mind,  that  I  do  not  deem  it 
well  to  insist  on  the  more  correct  nomenclature.  The  whole 
uveal  tract  is  apt  to  be,  if  it  be  not  always,  involved  in  the  in- 
flammation of  the  iris.  Certainly  the  ciliary  region  is,  and  gen- 
erally the  choroid. 

Causes. — The  causes  of  iritis  may  be  divided  into  local  and 
constitutional,  or  idiopathic  and  traumatic.  Among  local 
causes,  wounds,  either  accidental  or  from  operations,  play  a 
large  part.  This  will  be  sufficently  discussed  in  the  chapters 
on  Cataract. 

Of  the  constitutional  causes,  syphilis  is  very  prominent.  A 
large  percentage  of  cases  of  iritis  are  of  syphilitic  origin.  It  is 
of  itself  a  suspicious  circumstance,  when  a  patient  presents  him- 
self suffering  from  iritis.  Yet  we  should  not  assume  without 
evidence  that  an  iritis  is  syphilitic,  for  a  certain  percentage  oc- 
curs of  non-syphilitic  origin.  Iritis  is  one  of  the  early  manifes- 
tations of  acquired  syphilis,  occurring  with  alopecia  and  the 
eruption  on  the  chest,  or  just  after  these  symptoms.  It  is  apt  to 
have  a  stormy  course.  It  may  limit  itself  to  one  eye,  but  is  more 
likely  to  affect  both.  There  are  no  pathognomonic  evidences 
that  a  given  iritis  is  syphilitic.  We  judge  as  to  this  from  the 
presence  of  other  constitutional  symptoms,  or  the  existence  of  a 
constitutional  history.  A  gummy  tumor  on  the  iris,  might  be 
said  to  be  positive  evidence  of  syphilis,  were  it  not  that  eminent 
pathologists  (Virchow)  decide  that  such  tissue  growths  also  may 
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be  non-specific.  It  is,  however,  entirely  exceptional  if  the  little 
grayish-yellow  nodule  on  the  iris,  known  as  a  gumma,  is  no1 
specific  in  character. 

Iritis  may  arise  idiopathically  in  rheumatic  <>r  gouty  sub- 
jects in  whom  there  is  no  syphilitic  taint.  It  may  occur  as 
a  so-called  metastatic  condition  in  pneumonia,  in  gonorrhoea. 
This  latter  form  deserves  especial  notice. 

Local  Symptoms.  —  (1)  The  rosy  zone  of  fine  conjunctival 
vessels  radiating  toward  the  cornea  is  one  of  the  most  marked 
symptoms  of  iritis.  Besides  there  is  always  more  or  less  gen- 
eral conjunctival  injection,  but  the  secretion  is  chiefly  watery. 

(2)  The  iris,  which  has  a  peculiar  and  beautiful  brilliancy 
of  its  own  in  health,  is  of  a  dull  turbid  appearance,  even  in  the 
early  stages.  In  the  more  advanced,  it  is  decidedly  discolored 
and  dirty  in  appearance.  A  light-colored  iris  assumes  a  green- 
ish hue.  and  dark  ones  become  brownish  in  color.  This  discol- 
oration is  partly  due  tobypersemia  and  plastic  effusion,  and  also 
to  turbidity  of  the  aqueous  humor,  caused  by  an  admixture  of 
lymph'  or  pus. 

(3)  Sluggishness  of  movement  and  contraction  of  the  pupil. 
The  former  is  caused  by  the  weight  the  muscles  have  to  carry 
in  moving  the  iris.  The  contraction  may  be  caused  by  gluing 
of  its  edges  to  the  anterior  capsule  of  the  lens.  Such  adhesions 
are  called  posterior  synechia?.  This  latter  symptom,  or  condi- 
tion rather,  may  not  always  be  detected  until  atropia  is  used 
to  dilate  the  pupil,  when  it  is  shown  in  the  unequal  contour  of 
the  pupil,  which  could  not  be  detected  until  dilatation  occurred. 

When  the  whole  circumference  of  the  pupil  is  thus  adherent, 
the  condition  is  called  exclusion  of  the  pupil.  Sometimes,  more 
especially  in  advanced  and  neglected  cases,  the  whole  pupil  may 
be  blocked  up  with  inflammatory  material,  and  the  condition  is 
known  as  occlusion  of  the  pupil. 

(4)  Yellowish  nodules  on  the  iris,  known  as  gummy  tumors 
and  almost  exclusively  appearing  in  syphilis. 

This  is  the  picture  of  ordinary  plastic  iritis,  but  there  is  an- 
other form  less  dangerous,  because  synechia3  are  less  likely  to 
occur.  This  is  characterized  by  excessive  lachrymation  and 
serous  instead  of  plastic  exudation  (rheumatic  iritis).  When 
there  is  a  deposit  of  lymph  particles  on  the  posterior  surface  of 
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the    cornea,  the  condition  is  sometimes  called  Descemetitis  or 
aquo-  capsulitis. 

(5)  Pain.  The  severity  of  the  pain  in  iritis  is  variable.  It 
may  be  violent  to  a  degree ;  what  is  known  as  neuralgic,  ex- 
tending over  the  forehead,  side  of  the  head,  cheek  and  nose. 
If  the  ciliary  body  becomes  greatly  involved,  as  it  is  apt  to  be, 
ciliary  pain  is  a  marked  symptom  and  great  tenderness  in  that 
region  (irido-cyclitis). 

(6)  Impairment  cf  vision.  The  vision  is  always  impaired 
both  for  the  near  and  far  (see  John  Green's  observations1).  If 
the  choroid  be  more  than  hypersemic  as  it  always  is  in  a  case 
of  iritis,  and  true  irido-choroiditis  occur,  the  situation  is  much 
more  serious  than  if  the  iris  be  alone  or  chiefly  affected.  The 
vitreous  humor  becomes  cloudy  from  hyalitis,  and  there  is  great 
loss  of  vision  which  may  never  be  restored.  This  condition  of 
irido-choroiditis  is  not  generally  found  in  idiopathic  cases,  but 
rather  in  traumatic  ones,  and  generally  leads  to  complete  loss  of 
the  eye.  If  the  synechias  are  too  firm  to  be  broken  up  by  the  use 
of  atropia,  it  is  also  a  serious  condition,  but  not  so  serious  as 
irido-choroiditis.  But  these  synechias  are  always  a  source  of 
strain  on  the  accommodation,  and  they  may  at  any  time,  with 
very  little  provocation,  set  up  a  new  attack  of  iritis,  which  may 
finally  destroy  the  eye. 

There  is  a  form  of  iritis,  constitutional  in  origin,  peculiarly 
obstinate  to  treatment,  which  is  usually  supposed  to  be  depend- 
ent upon  a  gouty  or  rheumatic  diathesis.  It  is  insidious  in 
origin,  not  being  attended  by  pain,  and  the  vascular  injection 
is  moderate ;  but  the  ciliary  body  and  choroid  become  soon  in- 
volved, the  iris  bulges  forward  like  a  miniature  cupola,  the  vit- 
reous becomes  hazy,  and  finally  sight  is  very  much  impaired — 
sometimes  lost.  On  the  other  hand,  I  have  seen  marked  im- 
provement in  such  cases  under  general  hygiene. 

Suppurative  iritis  is  seldom  idiopathic  in  origin,  but  is  usu- 
ally a  result  of  injuries,  operations  upon  the  iris,  extraction  of 
the  lens,  the  entrance  of  foreign  bodies,  accidental  wounds.  It 
is  a  form  of  disease  that  soon  involves  the  vitreous  and  choroid 
and  destroys  the  vision.     It  is  generally  believed  to  be  of  micro - 

1  Transactions  American   Ophthalmological  Society,  quoted  in  the  chapter 

on  Myopia. 
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bic  origin,  although  mechanical  and  chemical  influences,  such 
as  act  after  operations,  certainly  play  a  part  in  certain  cases, 
and  suppuration  occurs  in  spite  of  the  most  thorough  aseptic 
precautions.  The  suppurative  form  of  iritis,  is  often  unattended 
by  pain,  or,  if  it  occur,  it  is  not  intense,  such  as  that  occurring 
in  the  course  of  syphilis,  gout,  or  rheumatism,  or  of  foreign 
bodies.  In  suppurative  iritis,  all  the  characteristic  color  of  the 
iris  is  lost  in  a  dirty  yellow  color,  with  swelling  of  the  tissue. 
These  finally  subside  and  leave  the  iris  a  discolored  membrane, 
with  the  pupil  blocked,  the  eyeball  soft  from  disintegration  of 
the  vitreous  humor.     Atrophy  of  the  globe  may  finally  result. 

Prognosis. — The  prognosis  in  iritis,  it  will  be  seen  from  the 
foregoing,  depends  first  upon  the  extent  of  the  inflammation. 
If  the  iris  be  alone  or  chiefly  involved,  the  prognosis  is  good. 
The  eye  may  be  restored  to  its  full  functional  power,  and  show 
no  trace  of  the  inflammation  that  has  threatened  its  existence. 
Even  small  synechia?  may  be  left,  and  the  eye  during  along  life 
not  again  be  attacked.  But  if  the  synechia?  be  extensive  or 
complete,  if  the  ciliary  body  and  choroid  be  involved,  the  vit- 
reous humor  very  hazy,  choroidal  staphyloma  may  occur  in  the 
ciliary  region,  the  eye  be  painful  and  tender,  finally  cause  sym- 
pathetic irritation,  and  be  removed  in  order  to  save  the  fellow. 

The  nature  of  the  inflammation  also  has  much  to  do  with  the 
prognosis.  The  prognosis  is  better  in  a  syphilitic  iritis,  which 
is  promptly  recognized,  than  in  the  insidious  forms  of  rheu- 
matic iritis,  occurring  in  gouty  subjects.  The  prognosis  in  sup- 
jiurative  iritis,  whether  from  operations  or  metastatic,  is  a  hope- 
less one.  We  are  obliged  to  give  up  hope  of  saving  the  eye  as 
soon  as  the  fatal  symptoms  of  purulent  infiltration  are  seen. 

Treatment. — Syphilitic  iritis  should  be  energetically, 
promptly,  and  thoroughly  treated.  If  the  syphilitic  manifesta- 
tions or  symptoms  are  present,  this  is  generally  done,  but  the 
practitioner  may  attempt  local  treatment  alone  and  fail  until 
he  begins  to  use  the  antidotes  of  syphilis,  mercury,  and  iodide 
of  potassium.  If  the  pain  and  vascular  injection  be  severe, 
local  blood-letting  should  be  practised  by  the  natural  or  artifi- 
cial leech.  Atropia  is  the  sheet-anchor  in  all  kinds  of  iritis. 
Scopolamine  is  also  very  efficient.  Their  early  use  is  most 
important,  as  has  been  already  said.     Rheumatic  iritis  should 
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also  be  treated  by  constitutional  means.  Salicylate  of  soda  is 
one  of  the  best  drugs  in  the  treatment,  also  iodide  of  potas- 
sium, while  the  patient  should  drink  alkaline  mineral  water, 
such  as  natural  and  artificial  Vichy,  Saratoga  Viclry,  and  the 
like.  For  those  who  can,  a  course  at  certain  baths,  St.  Catha- 
rine's in  Canada,  the  Hot  Springs  of  Arkansas,  and  Aix  la 
Chapelle  in  Germany,  is  also  to  be  advised.  In  short,  the  most 
approved  regimen  for  a  rheumatic  diathesis  should  be  adopted. 
Opium  will  also  be  required  in  the  early  stages  of  severe  cases. 
The  patient  should  not  be  confined  to  his  room  in  proper  weather 
any  longer  than  is  actually  necessary,  especially  if  he  is  not  very 
robust.  Blue  or  smoked  glasses,  veils  (for  women),  broad- 
brimmed  hats,  are  to  be  used.  Wind  is  a  great  foe  to  diseased 
eyes.  In  extreme  cases,  if  one  eye  alone  be  affected,  it  may  be 
bandaged  while  the  patient  is  exercising  out-of-doors.  It  need 
hardly  be  said,  that  it  is  necessary  to  keep  the  bowels  free  dur- 
ing the  whole  course  of  treatment.  Warm  baths  and  vapor 
baths  (Turkish)  are  also  necessary  and  valuable  during  the 
treatment.  If  the  patient  be  an  habitual  user  of  tobacco  by 
smoking,  and  craves  it  inordinately,  he  may  be  allowed  to  smoke 
moderately  in  a  ventilated  room  alone,  if  his  eyes  be  covered. 
Sitting  in  a  room  where  others  are  smoking  is  in  the  highest 
degree  dangerous.  The  diet  should  be  nutritious  and  varied. 
Alcohol  should  not  be  allowed,  except  in  very  much  run-down 
subjects,  with  asthenic  forms  of  iritis,  when  whiskey  in  milk 
two  to  three  times  a  day,  will  be  found  to  be  a  valuable  ad- 
juvant in  the  cure  of  inflammations  of  the  uveal  tract. 

Hot  fomentations  are  very  useful  in  the  acute  stages  of  the 
disease.  Cocaine  added  to  the  atropia  is  also  useful.  Para- 
centesis of  the  cornea,  is  sometimes  necessary,  in  order  to  secure 
full  dilatation  of  the  pupil  by  atropia. 

Eelapses  of  iritis,  especially  of  the  rheumatic  form,  are  very 
common  and  very  troublesome.  They  are  often  dependent  upon 
synechia?,  which  always  render  the  eyes  very  sensitive  to  accom- 
modative strain,  and  also  upon  constitutional  conditions,  that 
is  to  say,  poverty  or  deterioration  of  the  quality  of  the  blood 
from  syphilis  or  rheumatism.  Each  case  of  a  relapse  must  be 
treated  as  an  attack  of  the  original  disease,  while  the  interim 
of  freedom  of  the  eye  from  inflammation,  should  be  used  in  ap- 
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propriate  constitutional  and  hygienic  treatment  to  prevent  the 
recurrence  of  the  disease.  This  is  not  always  possible.  The 
prognosis  should  therefore  be  a  guarded  one  in  many  instances, 
for,  in  spite  of  the  most  assiduous  care,  certain  cases  will  finally 
end  in  a  blocking  of  the  pupil  and  consequently  nearly  complete 
loss  of  sight. 

It  is  proper  to  say,  that  some  practitioners  of  eminence  advise 
the  treatment  of  syphilitic  iritis  by  local  means  alone,  atropia 
instillations,  hot  fomentations,  and  so  forth.  I  have  been  as 
yet  unwilling  to  give  this  system  a  trial,  believing  as  I  do  that 
mercury  is  an  antidote  to  the  poison  of  syphilis. 

Gonohkhceal  Iritis. — This  occurs  occasionally  in  the  course 
of  urethritis,  especially  of  that  which  has  associated  with  it 
inflammations  of  the  joints.  It  is  rather  a  rare  disease. 
Locally  it  should  be  treated  as  the  other  forms. 

TUMORS   OF   THE   IRTS. 

Cysts  of  the  iris  may  occur  as  transparent  vesicles  on  the 
surface  of  the  iris,  being  attached  by  a  broad  base  or  by  a  small 
pedicle.  The  proper  treatment  is  excision  of  the  iris,  to  which 
the  cyst  is  attached. 

Malignant  Tumor  of  the  Iris. — Sarcoma  of  the  iris  may 
occur  in  extremely  rare  cases.  I  saw  one  involving  nearly  the 
whole  anterior  surface  of  the  iris,  of  a  bright-red  color,  in  a  well- 
nourished  woman  of  forty  years  of  age.  It  began  seven  years  be- 
fore she  came  under  my  observation,  at  the  ciliary  margin  of 
the  iris.  It  was  described  as  a  bright-red  spot  as  large  as  the 
head  of  a  pin,  which  did  not  increase  in  size  for  five  years,  when 
it  began  to  enlarge  after  what  seems  to  have  been  an  attack  of 
iritis.  Blood-vessels  were  distinctly  to  be  traced  in  the  growth, 
which  nearly  filled  the  anterior  chamber.  The  cornea  was 
healthy.  The  visual  field  was  uninterrupted.  The  tumor  grew 
while  under  my  observation,  but  the  patient  declined  an  opera- 
tion and  disappeared  from  observation.  A  chromo-lithograph 
accompanies  the  report  of  the  case. ' 

Enucleation  of  the  eyeball  is  the  proper  treatment  for  all 
suspicious  tumors  of  the  iris  that  reach  any  considerable  size. 
In  very  minute  growths,  we  may  be  content  with  excising  them, 
with  the  part  of  the  iris  involved. 

,    '  Transactions  American  Ophthalmologics!  Society,   1869 
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FOREIGN    BODIES    IN    THE    EYE.— SYMPATHETIC    IRRITATION    AND 

INFLAMMATION. 

In  this  chapter,  I  have  grouped  together  the  inflammation 
and  injuries  of  the  ciliary  body  and  the  choroid,  together  with 
the  all-important  subject  of  foreign  bodies  in  the  eye,  because 
it  is  a  natural  clinical  relation,  just  as,  is  found  in  practice. 
Wounds  and  injuries  of  the  e}-eball  are  serious  and  important 
according  as  they  are  in  or  near  the  ciliary  body,  and  in  pro- 
portion as  they  involve  this  part  of  the  eye.  Cyclitis  has  been 
discussed  in  treating  of  iritis  in  the  preceding  chapter.  It  is  only 
necessary  to  say  here  that  there  ma}'  be  ciliary  injection  and  cili- 
ary tenderness  for  some  time,  without  any  marked  involvement 
of  the  iris.  This  is  what  is  meant  by  cyclitis.  Cyclitis  is  also 
associated  with  keratitis  in  many  cases,  and  always  with  iritis. 
Cyclitis  is  scarcely  an  independent  disease.  In  some  cases  a 
ciliary  injection  persists  for  a  few  days,  without  appearing  to 
further  involve  the  iris  or  choroid,  of  which  the  ciliary  body  is 
the  connecting  link. 

Treatment. — Local  depletion,  hot  fomentations,  and  atropia 
or  scopolamine,  together  with  the  use  of  leeches  and  some  form 
of  opium,  if  the  pain  be  severe,  form  an  efficient  system  of  treat- 
ment. Cyclitis  which  does  not  readily  yield  to  this  treatment 
soon  involves  the  iris  or  choroid,  or  both,  in  true  inflammation, 
as  it  probably  did  in  hypersemia,  after  the  cyclitis  has  set  in. 
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FOREIGN    BODIES    IN    THE    EYE. 

A  wound  or  a  foreign  body  in  the  ciliary  region  is  the  most 
unfavorable  injury,  short  of  suppuration  of  the  whole  cornea, 
or  detachment  of  the  retina,  with  which  an  eye  may  be  affected. 
A  foreign  body  should  be  removed  by  forceps  or  other  instru- 
ment, by  a  magnet,  if  of  steel,  in  the  most  delicate  manner, 
at  as  early  a  period  as  is  possible;  but  the  patient  or  his  friends 
should  be  warned  that  the  early  removal,  or  the  clean  removal, 
by  no  means  destroys  the  danger  of  a  sympathetic  irritation, 
which  may  arise  at  any  period,  from  one  week  to  fifty  or  more 
years  after  the  injury.  If  the  wound  have  greatly  involved  the 
cornea,  if  the  iris  be  prolapsed,  the  lens  and  vitreous  injured, 
and  the  vision,  from  hemorrhage,  or  cataract,  or  detachment  of 
the  retina,  or  from  vitreous  opacities,  be  reduced  to  perception 
of  light — in  fact,  the  eye  for  visual  purposes  is  hopelessly  lost,  it 
is  better  to  save  the  patient  the  tedious  suffering  of  weeks  of 
panophthalmitis,  and  induce  him  to  have  the  eyeball  enucleated 
at  once.  If,  however,  the  wound  be  a  cleanly  cut  one,  or  the 
foreign  body  has  been  removed,  and  especially  if  it  be  non- 
metallic,  it  is  proper  to  endeavor  to  save  the  eye,  always  being 
on  the  lookout  for  sympathetic  irritation  of  the  fellow-eye.  It 
is  now  generally  believed  that  the  chief  source  of  inflammation 
in  the  eyeball  is  the  septic  character  of  the  foreign  body,  and 
that  the  inflammation  of  the  fellow-eye,  when  it  occurs,  is  from 
the  passage  of  microbes  into  the  circulation  from  the  septic 
organisms  introduced  into  the  injured  eye  by  the  foreign  body, 
or  the  instrument  inflicting  the  injury.  Yet  this  general  belief 
cannot  be  said  as  yet  to  be  founded  upon  fixed  facts.  The  first 
investigations  which  seemed  to  settle  the  microbic  origin  of 
sympathetic  inflammation  (Deutschmann)  have  not  been  con- 
firmed by  other  observers.  That  there  must  be  a  mechanical 
cause,  as  well  as  in  some  instances  chemical  causes,  the  most 
superficial  observation  will  show.  The  laceration  and  bruising 
of  tissues,  the  chemical  changes  in  the  metallic  substances,  oc- 
curring after  they  have  entered  the  eye,  must  of  themselves 
excite  inflammation. 

The  methods  of  removal  of  foreign  bodies  from  the  eye, 
depend  naturally  on  their  situation.     If  lying  in  the  sclera,  or 
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just  beyond  it,  it  is  simply  necessary  in  many  cases  to  remove 
them  with  forceps,  having,  perhaps,  enlarged  the  wound  with 
knife  or  scissors.  If  lying  in  the  vitreous  or  the  retina,  and 
they  can  be  thus  seen  with  the  ophthalmoscope,  they  may  be 
removed  by  an  appropriate  incision  and  the  use  of  any  conve- 
nient instrument — hook,  spoon,  or  the  like.  In  many  other  cases, 
provided  the  foreign  body  be  a  metallic  one,  a  magnet  may  b" 


Fig.  145.— Gruening's  Magnet. 


used.  Among  the  most  convenient  of  them  is  one  invented  by 
Gruening  of  New  York,  which  has  proved  itself  an  efficient  in- 
strument. 

The  patient  should  be  under  ether  when  such  an  operation  is 
undertaken,  if,  as  is  the  case  in  rare  instances,  the  body  may 
be  positively  located  in  a  certain  part  of  the  retina,  so  that  the 
incision  through  which  it  is  to  be  grasped  may  be  made,  while 
the  observer  is  using  the  ophthalmoscopic  mirror. 

I  have  been  surprised  at  the  apparent  exultation,  with  which 
cases  of  removal  of  foreign  bodies  from  the  interior  of  the  eye- 
ball have  been  reported,  even  when  these  foreign  bodies  arc 
situated  in  a  dangerous  part  of  the  eye.  A  graphic  method  of 
presenting  to  the  student  the  possible  consequences  of  an  injury 
of  the  eyeball   from   a    foreign   body,  is  to  consider  the  ciliary 
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region  the  danger  line.  The  nearer  foreign  substances  pene- 
trate this  line,  the  greater  the  danger  of  sympathetic  irritation  : 
for  example,  a  foreign  body  in  the  cornea  or  in  the  lens  has  no 
especial  danger,  except  as  regards  the  integrity  of  the  eye  which 
is  injured.  Sympathetic  irritation  will  not  occur  as  the  result 
of  the  injury;  but  if  the  foreign  substance  be  in  the  iris,  or 
behind,  in  the  choroid,  the  danger  is  very  considerable,  while  in 
the  ciliary  region  itself  it  is  of  the  most  threatening  kind.  As 
I  have  before  stated,  the  early  and  complete  removal  of  a  for- 
eign body  within  this  danger  line,  by  no  means  removes  the 
liability  to  sympathetic  inflammation.  Those  who  report  suc- 
cessful operations  for  removals  should  remember  that  in  only  a 
few  months,  or  possibly  in  years,  the  consequences  of  the 
wound,  not  necessarily  of  the  foreign  body,  may  be  felt,  and 
the  removal  of  the  eye  be  necessitated,  for  this  wound  shrinks 
and  contracts,  and  with  it  brings  the  dangers  that  have  been 
before  alluded  to. 

An  interesting  suit  for  malpractice,  in  which  I  was  once  a 
witness,  turned  on  this  very  question,  whether  the  instantane- 
ous removal  of  the  foreign  body,  would  have  averted  the  sympa- 
thetic inflammation  which  occurred  a  long  time  after.  The 
surgeon  was  unable,  at  his  first  examination,  to  find  the  missile 
which  had  entered  the  eye,  and  it  was  not  removed  until  sympa- 
thetic irritation  had  set  in.  I  was  able  to  state  my  belief  that, 
no  matter  when  the  foreign  body  had  been  removed,  it  being  of 
itself  of  a  septic  character,  and  having  produced  a  wound  in  the 
danger  line  of  the  eye,  it  would,  in  all  probability,  ultimately 
have  been  followed  by  the  consequences  that  did  follow.  I  am 
happy  to  say  that  the  suit  for  malpractice  was  not  sustained. 
It  should  also  be  stated  that  the  search  for  the  foreign  body 
was  made  before  the  days  of  the  magnet.  It  probably  would 
have  been  discovered  at  an  earlier  period,  had  this  instrument 
been  invented. 

SYMPATHETIC   IRRITATION  OF   THE   FELLOW-EYE. 

This  affection  should  be  carefully  distinguished  from  sym- 
pathetic inflammation.  The  symptoms  of  sympathetic  irritation 
may  arise  in  a  few  days  after  the  injury  of  the  eyeball,  but 
they    are    much    more    likely    to    occur   some    weeks  after  the 
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injury.  It  is  generally  believed,  that  it  is  the  contraction  of  a 
cicatrix,  or  a  new  inflammatory  process  about  a  foreign  body 
which  excites  the  sympathetic  irritation.  If  we  accept  in  full 
the  microbic  origin  or  septic  origin  of  the  disease,  it  is  due 
solely  to  the  transference  of  septic  material  from  one  eye  to 
the  other.  In  some  cases,  years  may  elapse  before  a  true  sym- 
pathetic irritation  arises.  There  may  also  be  cases  when  several 
attacks  of  sympathetic  irritation  occur  during  a  course  of  years. 
In  some  cases,  sympathetic  irritation  may  never  occur,  and  yet 
a  foreign  body  be  in  the  eye  in  the  ciliary  region  itself  (Roosa1), 
and  cause  only  inflammation  of  the  injured  eye,  but  such  cases 
as  these  are  entirely  exceptional.  In  the  majority  of  cases, 
sympathetic  irritation  after  a  wound  in  the  ciliary  region  or 
near  it,  occurs  within  a  few  months.  One  should  always  be  on 
the  lookout,  as  suggested  by  Wecker,  for  asthenopia  in  the 
fellow-eye,  dependent  upon  an  error  of  refraction,  but  simulat- 
ing, in  failure  of  accommodation,  a  sympathetic  irritation.  The 
symptoms  of  sympathetic  irritation  are : 

1.  Lachrymation. 

2.  Weakness  of  the  accommodative  power  and  diminution 
of  the  range  of  accommodation. 

3.  Hyperemia  of  the  conjunctiva. 

4.  Photophobia. 

5.  Tenderness  of  the  eyeball,  especially  in  the  region  of  the 
insertion  of  the  superior  rectus  muscle. 

6.  Painfulness  and  tenderness  of  the  injured  eye. 

It  is  not  necessaiy  that  all  these  symptoms  should  be  pres- 
ent, in  order  to  constitute  sympathetic  irritation,  but  failure  of 
accommodation,  photophobia,  and  tenderness  of  the  injured  eye 
are  seldom  wanting  in  any  true  case.  None  of  these  symptoms 
are  evidences  of  true  inflammation.  There  is  no  exudation,  no 
sluggishness  of  the  pupil,  no  discoloration  of  the  iris.  These 
later  symptoms  in  the  fellow-eye,  indicate  a  much  more  serious 
condition,  which  no  one  should  overlook. 

Sympathetic  inflammation  of  the  eyeball,  usually  takes  the 
form  of  irido-choroiditis.  The  first  step  in  the  disease  is  a 
cyclitis;  this  is  generally   followed   by  iritis,  the  iris  becoming 

1  Boston  Medical  and  Surgical  Journal,  March  30th.  1893. 
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changed  in  color,  swelled,  and  not  easily  moved ;  then  the  cho- 
roid becomes  involved.  This  is  shown  by  the  exquisite  tender- 
ness of  the  eyeball  above  the  cornea  and  the  turbid  or  hazy 
vitreous  humor.  There  is  a  tendency  toward  rapid  plastic  effu- 
sion, which  soon  glues  the  tissues  together  and  destroys  their 
functions.  The  iris  is  attached  to  the  lens  and  becomes  atro- 
phied and  rotten.  It  may  be  drawn  backward  by  adhesions,  or 
bulged  forward  like  a  miniature  dome,  and  obliterate  the  an- 
terior chamber.  There  is  also  ciliary  congestion,  photophobia, 
lachrymation,  with  rapid  loss  of  sight.  Pain  may  be  severe  or 
dull,  or  scarcely  present.  Pain  cannot  be  said  to  be  a  marked 
characteristic  of  sympathetic  irido-choroiditis,  but  there  is,  as 
has  been  already  said,  exquisite  tenderness  of  the  ciliary  region. 
The  tension  of  the  eyeball  is  increased  at  first,  but  it  becomes 
lessened  as  the  eye  degenerates.  The  horror  of  this  disease  is, 
that  it  is  scarcely  ever  restrained  by  treatment.  Mercurial  in- 
unctions, pilocarpine  injections,  with  iodide  of  potassium,  and 
the  local  use  of  leeches  and  atropia,  have  been  the  means  which 
have  saved  those  eyes  that  have  been  saved  in  any  degree,  after 
sympathetic  irido-choroiditis  has  set  in.  If  the  injured  eye  be 
ruined,  it  should  be  enucleated,  but  this  will  generally  be  of  no 
avail  when  inflammation  has  followed  irritation.  If  the  injured 
eye  has  even  useful  vision,  it  should  not  be  removed ;  for  cases 
are  on  record  where  this  eye  has  kept  the  patient  from  blind- 
ness, it  having  some  sight,  when  the  sympathetically  affected 
one  has  been  lost.  But  it  is  always  better  to  remove  a  blind  eye 
from  which  there  is  the  slightest  risk  of  sympathetic  ophthalmia. 

It  is  still  a  disputed  question,  as  to  how  sympathetic  in- 
flammation arises,  and  what  course  it  takes.  Deutschmann 
published  the  results  of  many  observations  upon  rabbits,  which 
went  to  show  that  it  originates  in  bacteria  and  travels  by  the 
sheath  of  the  optic  nerves.  But  his  observations  have  not  been 
confirmed,  although  several  observers  have  followed  up  these 
investigations  and  made  them  anew.  The  weight  of  testimony 
is  on  the  side  of  the  origin  of  the  disease  being  in  the  ciliary 
nerves,  and  that  the  process  is  either  a  reflex  or  metastatic  one, 
from  one  set  of  ciliary  nerves  to  the  Other.  The  evidence  for 
this  is  found  in  the  following  clinical  facts: 

I.   The  disease  arises  almost  always   from  injuries   in   the 
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ciliary  body  or  region,  or  from  injuries  which  extend  to  this  part 
of  the  eye,  or  from  injuries  that  cause  stretching  or  distention 
of  the  ciliary  region.  As  has  already  been  shown,  the  ciliary 
region  is  the  danger  line,  and  injuries  in  other  parts  of  the  eye 
are  more  or  less  likely  to  produce  sympathetic  irritation,  accord- 
ing as  they  are  near  this  part.  An  injury  through  the  cornea 
and  the  lens,  which  does  not  extend  to  the  vitreous  humor  or 
choroid,  seldom,  if  ever,  produces  sympathetic  irritation. 

II.  The  disease  of  the  other  eye,  almost  invariably  appears 
as  an  irido-choroiditis.  It  is  true  that  a  few  cases  of  sympathetic 
neuro- retinitis  have  been  reported  (Pooley),  but  these  cases  hnd 
few  followers,  and  the  usual  type  of  sympathetic  irritation  is  as 
I  have  indicated.  From  a  careful  consideration  of  these  cases, 
it  has  always  seemed  to  me  that  they  may  have  had  their  origin 
in  the  ciliary  region,  but  that  the  symptoms  then  were  not 
marked,  and  that  the  neuro-retinitis  in  the  marked  cases  that 
have  been  reported,  was  secondary  to  the  initial  disease. 

The  weight  of  evidence  seems  to  turn  toward  a  specific  bacte- 
rial or  septic  influence  at  least,  in  causing  sympathetic  inflamma- 
tion. This  is  indicated  by  the  fact  that  certain  aseptic  substances, 
such  as  grains  of  powder,  do  not  set  up  irido-choroiditis  in  the  eye 
which  they  enter  (Lawson).  Sympathetic  irido-choroiditis,  when 
once  set  in.  seldom  leaves  the  eye,  until  sight  has  been  abolished. 
Yet  in  a  few  instances  a  remnant  remains.  In  others,  the  sight 
of  the  injured  eye  remains  to  some  degree,  while  that  of  the  sym- 
pathetically affected  eye  is  totally  destroyed.  When  an  eye  is 
attacked  with  sympathetic  irritation,  the  eye  causing  it  should 
be  at  once  enucleated.  Various  substitutes,  division  of  the  optic 
and  ciliary  nerves,  removal  of  the  ciliary  part  of  the  eye,  have 
been  suggested,  but  they  are  not  safe  substitutes  for  enuclea- 
tion of  the  eye  causing  the  irritation.  Well  as  it  would  be  had 
we  a  substitute  for  enucleation,  and  true  as  it  is,  that  not  even 
danger  of  sympathetic  inflammation  disappears  by  the  removal 
of  the  offending  eye,  it  is  the  best  thing  to  do.  Doubtless  eyes 
have  been  removed  that  might  have  been  saved.  Be  this  as  it 
may,  many  have  come  to  perfect  blindness  on  account  of  a 
neglect  or  disobedience  of  this  rule  of  early  removal  when  sym- 
pathetic irritation  has  occurred.  If  we  wait  for  sympathetic 
irido-choroiditis,  it  is  then  too  late.     Those  who  have  seen  this 


METATASTIC   CHOROIDITIS.  321 

catastrophe  occur,  find  it  a  horrible  one.  If  the  injury  of  the 
eye  be  such  as  to  have  destroyed  it,  and  if  it  be  an  injury  in  the 
danger  line,  the  eyeball  should  be  removed  at  once,  especially  if 
panophthalmitis  be  likely  to  occur.  An  early  removal  will  save 
the  patient  much  needless  suffering.  There  has  been  thought  to 
be  considerable  danger  of  meningitis,  in  the  removal  of  eyeballs 
affected  with  panophthalmitis,  but  more  exact  observations  of 
late  (Noyes1)  do  not  show  this  to  be  correct.  It  is  probable  that 
the  danger  is  very  slight.  The  stages  of  panophthalmitis  are 
very  slowly  passed  over.  It  is  from  a  week  to  twelve,  or  even 
twenty,  days,  before  the  severe  symptoms  are  over.  Free 
incisions  into  the  eyeball  and  connective  tissue  are  of  some 
service  by  lessening  the  tension.  Hot  fomentations  will  be  re- 
quired after  the  first  few  days  of  severe  swelling.  A  poultice 
of  flaxseed  meal  or  similar  substance  may  be  applied  for  hours 
to  lessen  the  agonizing  pain  by  softening  the  tissues.  Anodynes 
will  also  be  required,  while  the  patient's  general  health  is  care- 
fully looked  after.  Finally,  when  the  stump  has  shrivelled  and 
become  quiet,  it  may  be  removed  for  the  sake  of  the  appearance; 
but  there  is  little  danger  of  sympathetic  ophthalmia  from  such 
an  eyeball,  unless  the  original  injury  was  in  the  ciliary  region. 
Yet  it  is  to  be  remembered  that  any  shrivelled  eyeball  may  take 
on  degenerative  processes  in  the  ciliary  region,  such  as  the  for- 
mation of  bony  plates  in  the  choroid,  that  may  lead  to  sympa- 
thetic irritation.  Usually,  however,  eyes  that  have  suffered  no 
wound  do  not  produce  sympathetic  inflammation. 

METASTATIC  CHOROIDITIS. 
Plastic  and  suppurative  choroiditis,  may  arise  in  the  course 
of  various  constitutional  diseases,  chief  among  which  are  pneu- 
monia and  cerebro-spinal  meningitis,  as  well  as  in  traumatic 
lesions  communicating  with  the  blood  channels  and  producing 
septicemia  or  pyaemia.  The  vitreous  humor  soon  partakes  of 
the  inflammation,  the  retina  becomes  detached,  and  the  whole 
eyeball  disorganized.  The  process  is  not  usually  a  very  painful 
one,  or,  if  it  be,  it  is  masked  by  the  symptoms  of  the  general 
disease.  The  prognosis  is  bad.  Treat n/ cut  can  be  only  pallia- 
tive.    The  mode  of  origin  is  through  the  blood-vessels. 

1  Noyes  ;  "  Diseases  of  the  Eve, "  p.  500. 
*>1 
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TUMORS   OF   THE   CHOROID. 


Sarcoma  is  the  most  frequent  form  of  choroidal  tumor. 
Early  enucleation  is  indicated,  lest  the  growth  extend  outside 
of  the  eyeball.  But  cases  occur  where  the  sarcoma  of  the  cho- 
roid is  secondary  to  sarcoma  of  the  breast  or  of  other  parts  of 
the  body. 

Tuberculosis  of  the  choroid  may  occur  in  acute  tuberculosis. 

COLOBOMA   OF  THE   CHOROID. 

This  generally  exists  in  connection  with  coloboma  of  the  iris 
and  the  ciliary  body.  Bj  the  ophthalmocsope,  it  is  seen  as  a 
white  cleft  in  the  fundus,  with  well-defined  brownish  edges, 
running  from  the  ciliary  region  toward  the  optic  disc. 

Retinal  vessels  may  be  seen  running  across,  or  dipping  into  it. 

SUPPURATIVE    CHOROIDITIS   OR  PANOPHTHALMITIS. 

Inflammation  of  all  the  tissues  of  the  eye  with  suppuration 
in  the  choroid  and  vitreous,  may  be  induced  by  injuries,  and 
by  operations.     Having  begun,  it  soon  takes  on  a  violent  form. 

Panophthalmitis  is  characterized  by  great  swelling  of  the 
conjunctiva  and  connective  tissue  which  produces  exophthalmos, 
chemosis,  haziness  of  the  cornea,  great  tension  of  the  ivhole 
orbit,  and  subjectively  by  horrible  pain  in  the  eyeball  and  sur- 
roundings, with  increase  of  the  general  temperature  of  the  body. 

Such  a  condition  of  things  when  once  established  is  hopeless 
as  to  any  preservation  of  vision.  If  left  to  run  its  course,  it 
ends  in  absolute  blindness  with  atrophy  of  the  globe.  If  the 
patient  be  seen  early  in  the  stages,  the  eyeball  should  be  enu- 
cleated. 

RUPTURE   OF  THE   CHOROID. 

Eupture  of  the  choroid  is  a  rare  injury,  occurring  as  a  result 
usually  of  direct  violence  to  the  eyeball.  The  ophthalmoscopic 
picture  is  a  better  account  of  the  injury  than  a  detailed  de- 
scription. There  may  be  one  or  more  in  the  same  eye.  They  are 
white,  because  the  sclera  shows  through  the  rupture.  They  usu- 
ally involve  the  retina,  as  shown  by  the  disturbances  and  impair- 
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ment  of  vision.  One  such  was  lately  seen  in  the  practice  of  Dr. 
Frank  N.  Lewis  and  myself.  The  patient  was  a  hackman  who 
was  hit  upon  the  temple  by  an  umbrella-handle,  in  the  hands  of 
an  assailant. 

IRRITATION   OF  THE   CHOROID. 

Under  this  term,  Loring '  describes  a  condition  which  he 
thought  occurred  in  eyes  suffering  from  overwork  or  exposure, 
and  which  comes  under  the  term  asthenopia  not  dependent  upon 
errors  of  refraction  or  muscular  weakness.  I  am  inclined  to 
believe  that  asthenopia  may  be  so  severe,  as  to  cause  choroidal 
irritation,  and  that  the  latter  is  not  to  be  considered  as  an  in- 
dependent condition.  At  any  rate,  it  is  a  diagnosis  that  should 
only  be  sparingly  made  and  then  by  an  expert  in  ophthalmos- 
copy. The  principal,  if  not  the  only,  ophthalmoscopic  sign,  ac- 
cording to  Loring,  is  at  the  optic  disc.  There  is  a  peculiar  con- 
gestion of  the  surface  of  the  optic  papilla,  in  the  region  of  the 
connective  tissue  surrounding  the  central  vessels.  "The  con- 
nective-tissue ring,"  Loring  continues,  "is  not  obscured  at  the 
outer  border  of  the  nerve,  as  in  retinal  irritations,  but  it  is  more 
conspicuous."  The  choroid  is  not  further  implicated  in  what  is 
thus  called  choroidal  irritation. 

HYPEREMIA   OF  THE  CHOROID. 

Whatever  may  be  thought  of  the  ability  to  make  the  diag- 
nosis of  choroidal  irritation,  choroidal  hyperemia  constantly 
occurs,  and  is  readily  recognized  by  any  competent  ophthalmo- 
scopic observer.  Then  there  is  an  actual  overloading  of  the 
vessels  of  the  stroma  of  the  choroid.  This  is  seen  at  the  disc 
and  in  the  connective-tissue  ring,  and  although  many  observers 
deny  that  it  can  be  detected  in  the  choroidal  vessels  or  in 
the  tunic  itself,  Loring  asserts  that  this  has  been  done.  The 
practised  ophthalmoscopist  finds  it  more  and  more  difficult  to 
make  a  mental  standard,  or  paint  a  picture  of  congestion  of  the 
choroid.  There  are  many  variations  in  the  fulness  of  choroidal 
and  retinal  vessels  in  perfect  health  of  the  eye.  It  is  difficult  to 
say  when  congestion  or  rn^persemia  begins.     The  young  observer 

1  "Text-Book  of  Ophthalmoscopy, "  Part  II.,  page  250. 
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makes  many  diagnoses  of  choroidal  congestion,  which  he  quali- 
fies in  his  examinations  of  mature  years.  With  the  subjective 
symptoms  from  overworked  eyes,  fresh  in  his  mind  from  the  his- 
tory of  the  patient,  it  is  easy  to  recognize  what  we  naturally 
expect  to  find.  But  many  of  the  symptoms  that  cause  us  to 
believe  that  we  have  hypersemia  of  the  choroid,  are  sometimes 
relieved  by  correction  of  errors  of  refraction.  But  it  is  wise  to 
remember  that  overworked  eyes  require  rest,  as  well  as  proper 
glasses,  and  that  over-use  may  have  caused  choroidal  irrita- 
tion or  hypersemia. 

Treatment. — The  diagnosis  of  irritation  of  the  choroid  or 
hypersemia  independent  of  strain  of  the  eyes  from  uncorrected 
errors  of  refraction,  being  made,  rest  becomes  a  highly  impor- 
tant element  in  the  treatment.  The  patient  should  be  advised 
to  stop  all  reading  and  writing ;  if  weather  permit,  to  seek  di- 
version and  employment  in  the  open  air.  If  photophobia  be 
present,  colored  glasses  may  be  advised,  or  other  protection 
from  glare ;  but  in  ordinary  cases  of  mere  hypersemia  of  the 
choroid,  this  will  not  be  necessary.  A  few  days  of  rest  with 
inquiry  into  the  probable  cause  of  the  overloading  of  the  cho- 
roidal vessels,  and  an  attention  to  this,  will  probably  soon  bring 
the  case  to  a  successful  end,  unless  there  be  constitutional  con- 
ditions that  preclude  entire  recovery. 

CHOROIDAL   HEMORRHAGES. 

Hemorrhage  into  the  choroid  is  not  so  often  seen  as  in  the 
retina.  Loring ]  believes  that  there  is  something  in  the  con- 
struction of  the  walls  of  the  choroidal  vessels,  that  does  not 
allow  of  an  escape  of  blood  so  easily  as  from  the  retina.  The 
diagnosis  of  choroidal  hemorrhage  is  made  from  the  fact  that 
the  retinal  vessels  may  be  seen  running  over  the  spot  where  the 
blood  is  effused.  Sometimes,  the  hemorrhages  are  in  both  the 
retinal  and  choroidal  vessels.  It  is  not  easy  to  say  whether  a 
given  hemorrhage  is  in  the  choroid  or  outer  layers  of  the  retina. 

Treatment. — This  is  chiefly  expectant.  The  blood  may  be 
absorbed,  but  the  tissue  is  apt  to  be  greatly  damaged. 

1  hoc.  cit. 
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CHOROIDITIS. 


This  may  be  divided  into  two  forms :  serous  and  plastic.  In 
serous  inflammation  of  the  choroid,  there  are  generally  opacities 
on  the  posterior  surface  of  the  cornea,  and  in  the  vitreous  humor 
that  prevent  a  full  view  or  any  good  view  of  the  choroid. 
When  the  media  are  clear  enough  to  permit  examination,  we 
find  marked  changes  in  the  fundus.  There  are  spots  of  atrophy 
and  exudation  surrounded  by  pigment,  or  the  tissue  is  thinned 
washed-out  tissue  (Loring1)  with  punctate  appearances  of  pig- 
ment scattered  about.  These  changes  are  chiefly  seen  at  the 
anterior  part  of  the  eye.  There  is  also  a  cloudiness  of  the  back 
part  of  the  vitreous,  complete  disorganization  of  the  back  part 
of  the  eye.     Detachment  of  the  vitreous  and  retina  may  occur. 

Treatment. — If  the  general  strength  of  the  patient  allow, 
this  should  be  decidedly  antiphlogistic;  local  blood-letting,  in- 
unctions of  mercury,  and  hypodermic  injections  of  pilocarpine 
are  to  be  resorted  to.  If  the  case  be  not  violent  but  insidious, 
and  in  persons  somewhat  reduced  in  general  health,  it  is  better  to 
confine  one's  self  to  the  internal  administration  of  mercury  bi- 
chloride, in  smaller  doses,  long  continued,  and  to  colored  glasses. 
The  cause  of  the  choroiditis,  will  naturally  have  much  to  do  with 
the  character  of  the  treatment.  If  it  be  a  traumatic  one,  general 
and  local  hygiene,  until  the  disease  run  its  course,  will  some- 
times be  the  only  treatment  required ;  but  even  traumatic  cases 
are  often  benefited  by  active  internal  treatment,  especially  by 
the  use  of  hypodermic  injections  of  the  muriate  of  pilocarpine. 
This  should  be  begun  with  a  small  dose,  in  an  adult  five  minims 
of  a  two-per-cent  solution.  The  dose  should  be  increased  until 
active  sweating  is  produced  after  each  application,  and  main- 
tained at  this  from  ten  days  to  three  weeks,  according  to  the 
patient's  improvement  and  strength,  and  so  forth. 

In  the  course  of  cerebro-spinal  meningitis,  severe  inflamma- 
tions of  the  choroid  and  retina  may  occur.  They  may  be  sup- 
purative in  character,  and  lead  to  the  detachment  of  the 
choroid  and  retina.  Fortunately,  they  often  attack  but  one  eye. 
But  in   a  given  contingent    of   cases,   a  certain  proportion    of 

1  "  Text-Book  of  Ophthalmoscopy, "  Part  II. ,  p.  252. 
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eyes  are  affected.  The  eyelids  may  present  the  appearance 
as  seen  in  purulent  ophthalmia.  There  is  also  conjunctivitis 
and  photophobia,  and  there  may  be  inflammation  of  the 
cornea.  In  an  epidemic  occurring  in  the  vicinity  of  Heidel- 
berg, from  four  to  five  per  cent  of  the  sick  were  affected  with 
an  intra-ocular  disease,  described  by  Knapp.  Of  eighteen  cases 
seen  by  him,  blindness  resulted  in  every  case  but  one.  Knapp 
regards  the  disease  as  a  plastic  choroiditis,  with  consecutive  de- 
tachment of  the  retina.  Other  observers  confirm  these  observa- 
tions. Some  consider  it  to  be  a  purulent  inflammation  of  the 
iris,  ciliary  body,  and  choroid.  It  is  very  important  that  the 
eye  should  be  examined  with  the  ophthalmoscope  in  the  very 
beginning  of  any  ocular  symptoms,  if  only  for  the  prognosis. 

Dr.  Randolph '  reports  thirty-five  cases  of  meningitis  in 
which  the  eyes  were  examined.  The  predominant  trouble  in 
the  cases  observed  by  him,  was  congestion  of  the  retinal  veins 
and  optic  disc.  In  two  cases  the  eyes  were  normal,  in  one  there 
was  hemorrhagic  retinitis,  with  thrombosis  of  the  central  vein. 
Randolph  thinks  that  every  extensive  epidemic  is  apt  to  be  as- 
sociated with  a  special  type  of  eye  affection.  It  certainly  is 
remarkable  that  four  observers  preceding  him,  of  whom  Knapp 
was  one,  most  often  observed  suppurative  inflammation  of  the 
uveal  tract,  and  make  no  particular  mention  of  any  other  dis- 
eases of  the  eye.  Four  other  observers,  of  whom  Niemeyer  and 
Ziemssen  were  two,  met  with  a  keratitis,  while  in  the  cases 
observed  by  Dr.  Randolph,  tortuosity  and  distention  of  the 
retinal  veins,  and  more  or  less  congestion  of  the  optic  disc,  were 
the  marked  symptoms.  Of  Dr.  Randolph's  thirty-six  cases,  not 
counting  those  which  had  double  vision,  only  three  complained 
that  they  could  not  see  distinctly. 

Prognosis.  — The  prognosis  is  scarcely  ever  entirely  favorable 
for  complete  recovery,  that  is,  with  full  integrity  of  the  eye,  in 
plastic  choroiditis.  The  ravages  of  the  disease,  even  when  a 
fair  degree  of  vision  remains,  are  seen  in  the  ophthalmoscopic 
picture  of  atrophy,  displaced  pigment,  and  so  forth  (see  col- 
ored plate  No.  VI.). 


1  Bulletin  of  the  Johns  Hopkins  Hospital,  1893. 


CHAPTER   XIX. 
DISEASES   OF  THE   RETINA. 

Hypersemia  of  the  Retina. — Hyperesthesia.  -Anaesthesia. — Retinitis. — Albu- 
minuric Retinitis. — Suppuration  of  the  Retina. — Retinitis  Pigmentosa. — 
Detachment  of  the  Retina. — Epilepsy  of  the  Retina. — Glioma. — Retinitis 
Bsemorrhagica. — Injuries  of  the  Retina,  Concussion,  Cysts,  Dazzling. 

Retinitis,  or  inflammation  of  the  retina,  exists  in  various 
forms  and  as  a  consequence  of  various  diseases.  It  may  occur 
independently,  that  is,  quite  apart  from  other  inflammations  of 
the  eye,  but  it  is  more  frequently  associated  with  diseases  of  the 
optic  nerve,  the  choroid,  or  the  meninges  of  the  brain.  It  arises 
in  the  course  of  Bright' s  disease,  diabetes,  leukaemia,  syphilis, 
and  other  constitutional  diseases. 

HYPEREMIA   OF  THE   RETINA. 

It  can  scarcely  be  denied  from  subjective  symptoms,  and 
from  analogy  with  the  affections  of  other  parts  of  the  body, 
that  there  may  be  a  hypersemia  of  the  retina,  but  this  is  diffi- 
cult of  positive  diagnosis  with  the  ophthalmoscope,  and  is  to 
be  inferred  rather  than  demonstrated.  It  may  be  caused  by 
certain  drugs,  prolonged  exposure  to  a  glare  of  light,  by  fine 
work  on  near  objects,  especially  if  there  be  an  uncorrected 
refractive  anomaly,  usually  hyperopic  or  mixed  astigmatism. 
The  whole  fundus  oculi  looks  too  red,  in  hypersemia  of  the  ret- 
ina. The  arteries  may  be  enlarged,  and  the  smaller  branches 
more  numerous.  To  estimate  the  latter,  it  is  well  to  adopt 
Jaeger's  plan  of  counting  the  vessels,  and  comparing  the  number 
with  those  of  a  normal  eye.  The  veins  usually  pulsate.  The 
eye  itself  is  irritable  and  easily  fatigued,  and  dreads  even  or- 
dinary daylight.  The  optic  papilla  gives  a  general  appearance 
of  being  flushed. 

Treatment.- — -The  indications  are  to  search  out  the  cause  and 
remove  this,  if  possible ;  when,  with  rest  and  shading  of  the  eyes 
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with  colored  glasses,  and  so  forth,  the  eye  may  soon  recover. 
Passive  venous  congestion  of  the  retina,  may  occur  from  any 
obstruction  to  the  outflow  of  venous  blood.  The  veins  then  are 
large,  tortuous,  dark,  and  pulsating. 

HYPERESTHESIA  OF  THE    RETINA. 

There  are  cases  in  which  the  retina  is  over-sensitive  to  light, 
phosphenes  are  seen,  the  retinal  image  remains  unduly  long, 
spasm  of  the  orbicularis  muscle  occurs,  neuralgia  is  complained 
of,  and  yet  no  lesion  of  the  retina,  nor  of  the  other  parts  of  the 
eye  is  discovered.  Exact  examination  generally  shows,  that  the 
greater  number  of  these  cases  have  a  lesion  that  may  be  found, 
yet  there  are  probably  some  in  which  our  present  means  of  ex- 
amination, or  the  present  state  of  our  knowledge,  fails  to  detect 
anything,  and  yet  when  the  refractive  errors  are  corrected, 
these  symptoms  remain.  They  may,  with  reserve,  be  put  down 
in  the  class  of  retinal  irritations  and  hyperesthesia. 

Treatment. — Such  cases  should  be  treated  by  rest  of  the  eyes, 
with  pleasant  mental  occupation,  the  use  of  tonics,  especially 
strychnine  and  iron,  change  of  air,  and  so  forth. 

ANAESTHESIA  OF    THE  RETINA. 

Blunting  of  the  perceptive  power  of  the  retina,  may  occur  as 
a  result  of  injuries,  such  as  concussions,  blows,  lightning  stroke, 
disease  of  the  eye  {amblyopia  ex  anopsia),  as  in  squint,  neuralgia 
of  the  fifth  nerve,  and  in  old  age.  Like  hyperesthesia  of  the 
retina,  the  frequency  of  this  disease  is  exaggerated.  It  is  a  very 
rare  affection,  except  possibly  in  strabismus,  when  its  existence  is 
still  an  unsettled  question.  Malingerers  come  into  consideration 
in  this  connection,  as  well  as  in  diseases  of  the  optic  nerve,  for  the}' 
are  apt  to  claim  insensibility  to  light  and  impressions  on  the  ret- 
ina, when  no  lesion  is  found,  and  yet  it  is  impossible  on  account 
of  the  occasional  occurrence  of  amblyopia  without  lesion,  to  say  in 
all  cases,  whether  or  not  those  who  claim  to  be  blind  are  actu- 
ally malingerers.  Some  of  these  cases  clear  up  by  complete  re- 
covery. In  others,  lesions  are  slowly  developed,  which  show 
that  a  morbid  process  is  making  its  way  into  the  tissues  of  the 
retina.     The  distinctness  of  vision,  is  sometimes  very  much  im- 
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paired  in  these  cases ;  with  poor  light  they  see  much  worse  pro- 
portionately (hemeralopia)  (wePa,  clay;  #<9,  vision).  In  cases 
of  anaesthesia  from  squint,  systematic  exercise  of  the  eye  is  to 
be  advised  (Javal).  This  subject  will  be  more  fully  treated  of 
under  the  head  of  Strabismus. 

RETINITIS. 

This  disease  is  characterized  by  the  following  ophthalmo- 
scopic appearances: 

1.  An  opacity  of  the  retina.  This  varies  in  intensity  from 
the  appearaance  of  a  very  delicate  mist  or  film  (veiled  appear- 
ance) to  that  of  a  dense  white  patch  of  exudation. 

2.  The  edges,  particularly  of  the  optic  papilla,  are  blurred. 

3.  No  marked  change  is  seen  in  the  early  stages  in  the  cali- 
bre of  the  arteries,  but  the  veins  are  distended  and  tortuous. 

4.  Exudations  are  seen  along  the  course  of  the  vessels  and 
sometimes  over  them. 

5.  There  may  be  blood  extravasations,  irregular  in  shape, 
and  of  a  bright  red  color.  If  they  are  situated  in  the  inner  lay- 
ers, among  the  nerve -fibres,  they  are  striated  and  have  feathery 
edges.  If  they  are  in  the  outer  layers,  they  are  more  smooth 
and  uniform. 

Besides  these  symptoms,  in  specific  forms  of  inflammation  or 
degeneration  of  tissue,  such  as  occur  in  Bright  's  disease,  there 
are  peculiar  changes,  pathognomonic  of  constitutional  affections, 
which  will  be  described  in  speaking  of  diabetic  and  albuminuric 
retinitis. 

The  vision  in  retinitis  is  variously  impaired.  It  is  not  al- 
ways possible  from  a  given  ophthalmoscopic  examination,  to  say 
how  much  we  shall  find  the  vision  impaired.  With  an  apparently 
slight  lesion,  we  may  find  the  vision  much  reduced ;  on  the  other 
hand,  with  very  marked  and  extensive  changes  remote  from  the 
macula,  or  even  near  it,  the  vision  may  be  f-g-.  Subjectively,  the 
patients  complain  of  dull  heavy  pains,  and  a  vision  as  if  objects 
were  seen  through  a  veil,  mist,  or  haze.  The  disease  may  run 
an  acute  course,  and  may  end  in  nearly  perfect  resolution,  or  in 
atrophy  and  blindness. 

Causes.—  Retinitis  may  depend  upon  exposure  to  a  glare  of 
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light,  in  tropical  countries  especially,  or  to  the  snow,  or  moon. 
Sailors  are  particularly  liable  to  this  latter  form.  Syphilis  very 
often  produces  neuro-retinitis  or  pan-retinitis.  But  there  are  no 
positive  ophthalmoscopic  appearances,  by  which  we  may  distin- 
guish syphilitic  retinitis,  from  certain  forms  where  syphilis  has 
never  existed.  It  occurs  exclusively  in  acquired  syphilis.  Ket- 
initis  may  occur  and  frequently  does  from  extension  of  the  dis- 
ease from  the  optic  nerve  and  from  the  choroid.  Fortunately, 
retinitis  usually  attacks  the  connective  tissue  primarily,  the 
nerve  tissue  last.  The  inflammatory  material  filters  into  the 
tissue,  and  then  appears  as  an  exudation,  looking  as  has  been 
already  described. 

The  tissue  of  the  retina  after  having  been  swelled  and  cede- 
matous  may  undergo  sclerosis,  fatty  degeneration,  and  atrophy. 
The  extravasations  of  blood  may  be  absorbed,  or  they  may  be 
changed  into  an  opaque  degenerated  mass. 

RETINITIS    ALBUMINURICA   OR  NEPHRITIC  RETINITIS. 

This  is  a  form  of  retinitis  of  such  importance  as  to  demand 
a  separate  notice. 

The  characteristic  ophthalmoscopic  appearances  are : 

1.  Considerable  exudation  which  soon  undergoes  fatty  de- 
generation, especially  in  the  region  of  the  papilla. 

2.  A  number  of  white  or  fawn-colored,  glistening,  stelliform 
spots  are  seen. 

3.  Numerous  hemorrhages,  generally  irregular  in  shape. 
The  peculiar  appearances  in  Bright's  disease,  are  late  in  the  gen- 
eral degeneration  of  the  tissues,  which  characterizes  what  it 
known  under  that  head.  Yet  the  ophthalmoscope  may  give 
the  first  positive  evidence  of  the  presence  of  this  grave  consti- 
tutional disorder.  In  several  instances,  I  have  diagnosticated 
for  competent  general  practitioners  the  existence  of  Bright's 
disease,  of  which  they  were  not  as  yet  aware,  when  hemor- 
rhages into  the  retina  and  the  fawn-colored  spots  have  oc- 
curred. The  prognosis  is  usually  bad.  Indeed,  these  retinal 
spots  generally  indicate  a  speedy  fatal  result  from  the  constitu- 
tional disease.  Usually  a  very  few  months  or  even  weeks 
supervene  before  the  patient  succumbs. 
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THE  EYE  IN   ACUTE  BRIGHT'S   DISEASE.— UREMIC  AMAUROSIS. 

Although  it  is  well  known  that  there  is  sometimes  total 
loss  of  sight  in  the  course  of  acute  Bright's  disease,  the  patho- 
logical conditions  causing  this  are  not  known.  It  is  described 
as  ursBmic  blindness,  but  occurs,  fortunately,  infrequently. 
After  some  specific  inquiries  in  the  large  hospitals  of  New  York 
— Bellevue,  Mt.  Sinai,  and  St.  Luke's,  where  the  house  physi- 
cians have  shown  me  their  statistics,  and  allowed  me,  at  the  in- 
stance of  the  attending  physicians,  Drs.  Loomis  and  Beverley 
Robinson,  to  examine  the  cases  in  their  wards — I  found  this  to 
be  the  case. 

Very  little  has  been  added  to  our  knowledge  of  ursemic  am- 
aurosis since  Graefe  wrote '  more  than  twenty-five  years  ago. 
In  the  amaurosis  of  acute  Bright's  disease,  there  is  absolutely 
no  change  to  be  seen  with  the  ophthalmoscope.  (Edema  of  the 
retina,  is  certainly  not  to  be  considered.  The  merest  tyro  in 
ophthalmoscopy  would  detect  this  condition,  did  it  exist.  The 
two  conditions,  urasmic  amaurosis  and  inflammation  of  the  ret- 
ina, with  hemorrhages,  may  occur  together,  as  I  myself  had 
occasion  to  observe  in  the  case  of  a  pregnant  female,  who  be- 
came blind  from  uraemic  amaurosis,  but  recovered  so  as  to  be 
able  to  read  and  sew  for  the  five  or  six  years  after,  during 
which  she  lived.  She  had  retinitis  albuminurica  upon  which 
uraemic  amaurosis  had  supervened.  As  Foerster  says,  there  is 
no  difficulty  in  differential  diagnosis.  In  retinitis  albuminurica, 
the  patients  are  going  about  and  come  themselves  to  the  physi- 
cian, but  in  urpemic  amaurosis  the  physician  goes  to  the  patient. 
The  general  condition  is  so  feeble  that  the  patient  is  in  bed. 
There  is  stupor,  pain  in  the  head,  vomiting  and  general  weak- 
ness, and  absolute  blindness.  The  pupil  may  or  may  not  react 
well  to  light.  When  the  pupil  does  react  Foerster  says  that 
the  optic  nerve  must  be  capable  of  conducting  an  impression,  at 
least,  up  to  the  corpora  quadrigemina.  Graefe  attempted  to 
form  a  prognosis  from  the  reaction  of  the  pupil.  It  was  thought 
to  be  better  when  the  pupil  moves  on  exposure  to  light.  When 
the  patient  recovers  from  the  general  symptoms,  the  amaurosis 
is    also  usually    completely  recovered   from.      Those   in   which 

1  Archiv  fur  Ophthalmologic,  Abtheilung  ii.,  p.  283. 
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complete  recovery  does  not  occur  are  probably  mixed  cases  of 
retinitis  albuminurica  and  ursemic  amaurosis.  This  recovery 
separates  these  cases  very  distinctly  from  those  of  quinine  am- 
aurosis. Foerster  thinks  that  ursemic  amaurosis  occurs  most 
frequently  in  scarlet  fever,  and,  next  to  this,  in  contracted  kid- 
ney. It  is  not  uncommon  in  pregnant  women,  having  albumin 
in  their  urine.  The  uraemic  amaurosis  may  be  caused,  as  sup- 
posed by  Frerichs  and  Traube,  by  blood-poisoning.  Traube 
says  there  is  increased  arterial  tension ;  that  in  consequence  of 
the  watery  excess  in  the  blood,  there  is  great  transudation 
into  the  cranial  cavity,  which  leads  to  anaemia  of  the  brain. 
The  theory  of  Traube,  seems  a  more  probable  one  than  that  of 
blood-poisoning,  which,  judging  from  lead  and  quinine  amau- 
rosis, is  more  apt  to  harm  the  retina,  than  would  a  very  tem- 
porary overfilling  of  the  contents  of  the  cranium.  From  our 
present  knowledge,  we  may  conclude  that  the  blindness  in 
uraemic  amaurosis  is  absolutely  without  ophthalmoscopic  ap- 
pearances, and  that  if  the  affection  be  not  complicated  by  the 
neuro-retinitis  occurring  in  chronic  Bright's  disease,  the  sight 
will  be  fully  restored  after  the  patient  recovers  from  the  general 
sjmiptoms.  The  exact  nature  of  the  morbid  process  producing 
uraemic  amaurosis  is,  as  yet,  unknown. 

RETINITIS   LEUKyEMICA. 

Ophthalmoscopic  Appearances. —  Round  yellowish  -  white 
patches,  sometimes  with  red  borders,  strewn  about  the  peri- 
phery of  the  retina  and  near  the  macula.  These  are  formed  of 
masses  of  exuded  white  and  yellow  blood -corpuscles.  The  fundus 
is  pale,  and  the  arteries  are  also  pale. 

Suppuration  of  the  retina  may  occur,  but  it  is  only  interest- 
ing from  a  pathological  point  of  view.  It  may  be  seen  in  ex- 
amination of  eyes  that  have  had  panophthalmitis. 

RETINITIS  PIGMENTOSA. 

Pigmentary  degeneration  of  the  retina.  This  interesting 
condition,  before  the  invention  of  the  ophthalmoscope,  was 
known  as  night  blindness.  Night  blindness  is  a  symptom  oc- 
curring simply  because  the  greatly  impaired  perceptive  power 
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of  the  retina,  demands  an  excellent  illumination.  This  is  nec- 
essary for  vision  of  enfeebled  retinal  fibres.  Retinitis  pigmen- 
tosa is  seen  as  an  hereditary  ailment.  Numbers  of  cases  occur 
in  the  same  family  or  its  branches.  It  is  congenital,  or  begins 
in  early  childhood  and  runs  a  very  slow  course.  For  years,  it 
may  not  advance  at  all,  and  the  patient  may  live  out  his  life 
with  a  reasonable  amount  of  telescopic  vision.  If  it  be  a  severe 
case  and  combined  with  opacity  of  the  posterior  pole  of  the  lens, 
the  patient  may  be  nearly 
blind  and  thus  be  prevented 
from  occupations  involving 
any  vision  of  fine  objects. 

On  the  other  hand,  the 
patient  may  see  well  enough 
to  get  through  with  important 
affairs  and  pursuits.  All  this 
depends  upon  the  extent  of 
the  lesions  which  constitute 
the  disease. 

Oph  thalm  oscop  ic  Appear- 
ances.— The  disease  is  charac- 
terized by  paleness  of  the  optic 
papilla,  attenuated  blood-vessels,  and  the  scattering  of  pigment 
about  the  fundus,  chiefly  toward  the  periphery.  The  pigment 
assumes  peculiar  shapes,  resembling  sometimes  the  wing  of  a 
bat,  or  bone  corpuscles.  The  stroma  of  the  choroid  appears  very 
plainly,  then  also  narrow  black  lines  following  the  course  of  the 
vessel. 

Treatment. — For  advancing  retinitis  pigmentosa,  there  is 
probably  no  remedy.  Fortunately,  in  many  cases,  the  disease 
does  not  progress,  or  does  so  at  a  snail's  pace,  so  that  its  subjects 
may  live  out  their  days  with  a  modicum  of  vision,  never  be- 
coming blind.  Strychnia  has  some  reputation  in  progressive 
cases,  but  I  have  been  unable  to  verify  its  value. 

The  slow  progress  of  retinitis  pigmentosa,  in  well-nourished 
persons,  is  sometimes  very  noticeable.  I  have  for  the  last  fifteen 
years  observed  a  prosperous  gentleman  having  marked  manifes- 
tations of  this  disease,  with  good  central  vision  with  correcting 
glasses,  who  during  that  time  has  never  got  any  worse.     It  is 


Fig.  146. —  Retinitis  Pigmentosa. 
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also  remarkable  that  their  visual  fields  can  be  reduced  to  such  a 
telescopic  point,  and  yet  vision  remain.  The  visual  field  of  a 
lady  seen  first  in  18S6,  who  was  then  twenty-seven  years  of  age, 
is  shown  below.  Although  she  has  such  small  fields — a  little 
larger  than  is  shown  on  the  chart,  when  the  finger  is  used  in- 
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Fig.  147. — Visual  Field  in  a  Case  of  Retinitis  Pigmentosa. 


stead  of  the  pointer,  her  astigmatism  being  corrected,  vision  is 
\%  on  one  side,  and  f-jj-  -f-  on  the  other.  She  is  a  lady  in  the 
higher  walks  of  life,  able  to  regulate  her  living  in  the  best 
manner,  and  while  she  suffers  considerable  inconvenience,  and 
is  always  anxious,  she  is  not  known,  except  among  her  most 
intimate  friends,  to  have  any  impairment  of  sight.  She  has  an 
elder  brother  in  the  same  condition.  She  remembers  to  have 
been  troubled  to  see  at  night  since  she  was  nineteen  years  of 
age,  but  she  does  not  remember  any  difficulty  in  playing  "hide 
and  seek,"  "blind  man's  buff,"  and  such  games  when  she  was 
a  young  girl.  It  seems,  therefore,  that  the  difficulty  must  have 
advanced  as  she  grew  older.  This  lady  is  exceedingly  well 
nourished,  and  bears  every  evidence  of  health.  The  brother,  a 
gentleman  of  fifty  years  of  age,  has  much  less  vision,  -fifo  on 
one  side  and  TW  on  the  other,  although  he  can  read  No.  1 
Jaeger.     He  seems  to  have  more  trouble  in  every  respect  than  his 
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sister,  although,   objectively,  it  cannot  be  seen  that  he  is  much 
worse.     Of  late,  however,  lenticular  opacities  have  appeared. 

DETACHMENT  OF  THE   RETINA. 

The  retina  may  become  detached  from  the  vitreous  in  part 
or  in  totality.  This  is  caused  by  traumatism  or  spontaneously. 
When  idiopathic,  it  occurs  as  a  result  of  long-standing  inflam- 
mations of  the  choroid  which  have  involved  the  vitreous  humor 
and  lessened  its  volume,  so  that  the  retina  has  lost  its  normal 
support.  Effusion  of  inflammatory  material,  blood,  and  so 
forth,  may  also  be  an  exciting  cause.  Tumors  beneath  it  also 
detach'  it.  Elongation  of  the  eyeball,  myopia,  is  a  fruitful 
source  of  detachment  of  the  retina.  The  stretching  of  the  globe 
is  perhaps  not  so  much  the  cause  as  the  chronic  choroidal  dis- 
ease, that  so  often  exists  in  conjunction  with  myopia. 

Ophthalmoscopic  Appearances. — In  partial  detachments,  a 
greenish  or  bluish  wave  is  seen  in  some  part  of  the  fundus, 
floating  more  or  less  forward.  With  the  ophthalmoscope  direct 
examination  this  will  be  found  by  measurement  to  project  for- 
ward from  the  other  parts  of  the  fundus  from  one  to  more  diop- 
ters. The  retinal  vessels  bend  over  this  and  the  red  choroidal 
reflex  surrounds  it.  In  small  detachments  more  lines  of  undu- 
lations are  seen.  In  total  detachment,  the  whole  retina  being 
thrown  forward  in  funnel  shape,  a  greenish-brown  mass  is  seen, 
perhaps  mingled  here  and  there  with  glistening  patches  of  cho- 
lesterin.     This,  usually,  is  a  final  result,  and  not  a  primary  one. 

Prognosis. — In  traumatic  detachments  occurring  in  eyes 
heretofore  healthy,  reattachment  may  occur,  with  a  diminution 
of  the  field  of  vision.  Complete  restoration  of  the  fields  even  in 
these  cases  is  very  rare.  The  prognosis  in  idiopathic  cases  de- 
pends entirely  upon  the  extent  of  the  choroidal  and  vitreous 
disease.  If  this  be  slight,  and  the  detachment  has  been  in- 
duced by  a  traumatism,  it  is  possible  to  secure  union,  which  is 
more  or  less  permanent,  but  on  the  whole,  in  idiopathic  detach- 
ment, the  prognosis  is  unfavorable.  The  detachment  may  in- 
crease until  it  is  total ;  the  eye  may  become  painful  and  tense, 
and  in  rare  cases  it  must  be  removed,  either  on  account  of  un- 
bearable pain,  or  lest  it  excite  sympathetic  inflammation  of  the 
fellow-eye. 
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Treatment. — In  traumatic  cases,  the  patient  should  be  put 
on  his  back  as  soon  as  possible,  and  a  protection  bandage  be 
applied.  In  ten  to  twelve  days,  we  may  expect  reattachment ; 
sometimes  this  is  permanent. 

In  idiopathic  cases,  the  recumbent  position  with  hypodermic 
injections  of  pilocarpine  may  be  tried.  Puncture  of  the  retina 
with  a  needle,  at  the  point  of -greatest  detachment,  is  also  per- 
formed, with  only  moderate  success. 

EMBOLISM   OF  THE   ARTERIA   CENTRALIS   RETINA. 

Ophthalmoscopic  Appearances. — The  optic  papilla  is  white, 
the  blood-vessels  small;  the  retina  is  opaque,  except  at  the 
macula,  where  there  is  a  bright  red  spot.  Subsequently,  the 
tissues  atrophy  and  various  changes  are  seen  in  the  choroid  and 
retina,  cholesterin  formations,  and  so  forth.  The  subjects  of 
embolism  of  the  central  artery  find  themselves  suddenly  blind, 
without  apparent  cause. 

They  are  usually  rheumatic  subjects,  and  often  have  lesions 
of  the  heart.  A  few  cases  are  said  to  recover.  I  have  never 
seen  a  case  of  recovery  in  embolism  of  the  central  artery.  Atrophy 
of  the  nerve  and  retina  usually  results. 

Other  ophthalmoscopic  appearances  may  simulate  embol- 
ism ;  for  example,  they  may  be  caused  by  retro -bulbar  neuritis 
optica  and  retro-bulbar  hemorrhage.  The  first  anatomical 
demonstration  of  embolism  of  the  retinal  artery  was  made  by 
Schweigger  !  in  one  of  Graefe's  cases.  Schweigger's  observa- 
tion was  confirmed  by  Sichel,  Nettleship,  Priestley  Smith,  and 
Schmidt-Rimpler,  in  other  cases.  Iridectomy,  paracentesis,  and 
early  massage  of  the  eye  (Mau timer)  are  recommended. 
Schmidt-Rimpler  treated  one  case  successfully,  by  first  making 
a  passage  to  the  first  nerve  as  in  optico-ciliary  neurotomy,  and 
then  making  slight  pressure  upon  the  nerve  with  the  strabismus 
hook. 

EPILEPSY   OF  THE  RETINA. 

This  name  is  given  to  a  very  rare  condition,  only  known  from 
subjective  symptoms,  because  ophthalmoscopic  examinations, 
which  in  the  nature  of  things  have  been  very  seldom  successful, 

1  Schmidt-Rimpler:    "Ophthalmoscopy,"  page  251,  American  edition. 
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reveal  nothing.  The  patient  tells  of  a  sudden  dimness  of  vision 
advancing  from  the  periphery  of  the  field  toward  the  centre, 
until  total  blindness  results,  which  generally  lasts  but  a  few 
minutes  and  then  completely  disappears.  The  attacks  occur  at 
variable  intervals  and  may  affect  one  or  both  eyes.  The  condi- 
tion is  supposed  to  be  due  to  spasm  of  the  retinal  vessels.  It  oc- 
curs in  migraine. 

GLIOMA   OF  THE  RETINA. 

{}'//",  glue,  i 

This  is  a  tumor  of  the  retina  which  occurs  almost  exclusively 
in  young  children.  It  is  often,  on  account  of  the  youth  of  the 
subjects,  unnoticed  until  far  advanced.  It  appears  as  a  bright 
grayish  tumor  projecting  into  the  vitreous.  It  may  be  mistaken 
for  detachment  of  the  retina.  The  eye  may  have  a  normal 
appearance.  As  the  tumor  grows  it  breaks  through  the  globe, 
as  a  fungous  growth,  and  occasions  great  pain  and  suffering, 
until  the  patient  succumbs. 

Treatment. — Early  enucleation  is  the  only  remedy,  but  this 
avails  only  to  delay  the  disease,  which  extends  to  other  parts  of 
the  body  and  becomes  fatal,  although  in  some  instances  many 
years  have  elapsed  without  a  reappearance  of  the  disease.  It 
is  possible,  therefore,  that  a  cure  was  effected  in  these  cases. 

INJURIES   OF   THE    RETINA. 

Eetinitis   Hemorrhagica. — It   is  perhaps  more  correct   to 

speak  of  retinal  hemorrhage  than  of  retinitis  hemorrhagica.   Yet 

there  are  cases  of  hemorrhage  from  the  retinal  vessels,  which 

produce  or  end  in  glaucoma.     These  occur  chiefly  in  old  people, 

and  are  to  be  regarded  as  a  sign  of  general  arterial  degeneration. 

That  hemorrhages  occur  in  the  retinal  vessels  in  the  course  of 

Bright's  disease  has  already  been  sufficiently  spoken  of.     Indeed 

any  form  of  retinitis  may  be  associated  with  bleeding  from  the 

small  vessels  of  the  retina.     Spontaneous  hemorrhages  unasso- 

ciated  with  any  known  cause  in  the  general  or  local   (ocular) 

condition  of  the  patient  sometimes  occur,  and  if  not  in  the  region 

of  the  macula  may  clear  up.  and  leave  the  vision  unimpaired. 

Traumatism    is  a    fruitful  source   of  retinal    hemorrhages, 
23 
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which,  if  extensive,  separate  the  retina  from  the  choroid  and 
ruin  the  eye,  but  injuries  to  the  retina  are  much  more  apt  to 
produce  an  injury  ending  in  vasculitis  or  oedema  than  hemor- 
rhage. Double -sided  retinitis,  resembling  that  from  Bright 's 
disease,  was  reported  by  Mctlardy,  and  quoted  by  Loring.' 
Acute  oedema  presents  the  ophthalmoscopic  appearance  of  gray- 
ish or  white  patches  which  may  quickly  disappear.  Certain 
injuries  to  the  retina,  although  they  may  not  at  once  produce 
impairment  of  the  vision,  afterward  end  in  atrophy  of  the  optic 
nerve.  Loring  ~  thinks  that  such  injuries  affect  the  optic  nerve 
or  even  the  orbit  by  contre-coup,  and  cause  molecular  changes 
in  the  nerve  or  even  in  the  brain. 

Eupture  of  the  retina,  without  that  of  the  choroid,  has 
been  known  to  occur.  Loring  saw  one  such  case,  when  a 
gentleman  was  thrown  from  his  horse,  striking  on  his  head. 
A  large  rent  occurred  in  the  retina  passing  through  the  macula, 
revealing  the  stroma  of  the  choroid  without  rupturing  the 
latter. 

Cysts  of  the  retina  have  been  observed.  They  are  easily 
mistaken  for  detachment.  In  one  such  case,  that  of  the  late 
D.  F.  Cocks,  a  large  cyst  completely  disappeared,  and  eighteen 
months  after  had  not  reappeared.3 

Dazzling  of  the  Retina. — This  occurs  from  prolonged  ex- 
posure to  the  bright  light  of  the  moon  on  the  deck  of  a  ship, 
among  sailors  in  the  tropics,  or  from  watching  an  eclipse 
without  proper  protection  of  the  eyes.  A  single  intense  flash  of 
light  may  cause  retinitis.  Certain  unsteady  electric  lights  are 
dangerous  to  the  eyes  on  this  account. 

1  "Text-Book  of  Ophthalmoscopy,''  vol.  i.,  p.  77. 
■  Lo<\  cit. 
3  Loc.  cit. 
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Hyalitis. — Opacities  of  the  Vitreous. — Muscaj  Yolitantes  or  Floating  Bodies. — 
Munches  Volantes. — Myodesopsia. — Synchysis  Scintillans. — Foreign  Bodies. 
— Cysticercus. — Filaria. — Vessels  of  New  Formation  of  the  Vitreous. 

While  hyalitis  or  inflammation  of  the  vitreous  humor,  is 
seldom  an  independent  disease,  it  presents  phenomena  of  suffi- 
cient interest  for  a  separate  study,  provided  always  that  it  is 
properly  considered  as  an  affection  dependent  in  a  large  ma- 
jority of  cases  upon  irido-choroiditis,  choroiditis,  or  cataract. 
Hyalitis  is  seen  as  a  turbidity  of  the  vitreous  humor  in  various 
inflammations  of  the  eye.  The  products  of  these  inflammations, 
pigment,  blood,  may  often  be  seen  in  the  vitreous  body.  The 
ophthalmoscopic  picture  is  a  varied  one.  Sometimes  the  whole 
vitreous  is  so  turbid  that  no  reflex  is  seen.  Again,  the  disc  of 
the  optic  nerve  and  retina,  are  seen  as  though  a  cloud  or  veil  or 
small  particles  pass  up  and  down  over  the  field.  Again,  the 
vitreous  is  filled  with  brilliant,  glistening  golden  bodies  which 
illuminate  the  whole  field  (synchysis  scintillans) ,  "Membranes 
also  sometimes  form  in  the  vitreous  after  extraction  of  the  lens. 
It  is  rare  to  find  a  vitreous  humor  entirely  free  from  disease ; 
that  is  to  say,  entirely  clear  after  extraction  of  cataract.  The 
vitreous  is  rarely  perfectly  free  from  turbidity  in  advanced  age. 

Persistent  Hyaloid  Artery. — In  rare  cases,  this  vessel 
remains  through  life  instead  of  disappearing  before  birth.  It 
is  seen  as  a  brownish  string,  reaching  from  the  parietal  capsule 
to  the  optic  papilla.  The  subject  of  foreign  bodies  in  the  vitre- 
ous, has  already  been  quite  fully  discussed  in  the  chapter  on 
Injuries  of  the  Choroid,  and  need  not  be  further  illustrated  at 
this  point. 

Hemorrhages  into  the  vitreous,  occur  among  young  men  and 
young  women,  at  the  age  of  puberty,  and  in  women  at  the  cli- 
macteric, and  from  traumatism.  The  idiopathic  cases  very 
often  end  in  full  absorption  of  the  blood,  and  in  restoration  of  the 
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vision.  The  hemorrhage  in  idiopathic  cases,  is  not  usually  so 
extensive,  as  to  bring  the  vision  down  to  a  point  where  the  pa- 
tient cannot  read  coarse  type,  and  go  about  readily  without  as- 
sistance. The  treatment  in  these  hemorrhages  should  be  by 
rest  of  the  eyes  from  any  trying  occupations ;  blue  or  smoked 
glasses  should  be  worn;  and  general  hygiene  observed.  As  a 
drug,  the  corrosive  chloride  of  mercury  in  small  doses  seems  to 
have  some  efficiency  in  promoting  absorption.  If  not,  it  is  at 
least  with  a  bitter  tincture,  such  as  the  tincture  of  gentian,  a 
valuable  tonic. 

Traumatic  hemorrhages,  unless  very  large,  are  usually  ab- 
sorbed. The  prognosis  as  to  sight  in  these  cases,  depends  not  so 
much  on  the  vitreous,  as  on  the  damage  that  may  have  been 
done  to  the  surrounding  tissues. 

A  fluid  vitreous  is  often  found  in  senile  cataract  as  a  result 
of  long-standing  chronic  inflammation.  This  is  discussed  under 
the  head  of  Cataract.  The  fluidity  of  the  vitreous  greatly 
decreases  the  tension  of  an  eye.  It  often  exists  to  such  a  degree 
as  to  render  the  iris  tremulous,  an  appearance  which  should  be 
carefully  looked  for  in  making  a  diagnosis. 

Muscje  Volitantes. — Objective  opacities  of  the  vitreous,  that 
is,  those  that  can  be  detected  with  the  ophthalmoscope,  constitute 
one  variety  of  muscoe  volitantes,  but  not  the  only  form.  Before 
the  invention  of  the  ophthalmoscope,  it  was  of  course  impossible  to 
differentiate  the  objective  from  the  subjective  muscce;  that  there 
are  subjective  muscae  is  without  doubt.  But  it  is  probable  that 
a  more  thorough  examination  than  is  sometimes  made,  would 
diminish  the  number  of  the  latter.  Yet  in  asthenopia,  muscse 
are  seen  in  the  air,  on  looking  at  the  sky,  on  white  paper,  and  in 
persons  without  asthenopia,  for  years,  with  no  lesion  to  be  dis- 
covered. These  appear  as  beads,  strings,  and  crescents.  They 
are  the  constituents  of  the  vitreous  casting  a  shadow  upon  the 
retina  and  then  projected.  Muscae  are  also  seen  in  opacities 
of  the  lens.  Certain  muscse  in  the  anterior  part  of  the  vitreous 
humor,  result  from  opacities  of  the  capsule  which  have  become 
loosened. 

The  entoptic  investigations  as  to  the  form  and  situation  of 
floating  bodies  in  the  vitreous,  lost  much  of  their  importance  after 
the  invention  of  the  ophthalmoscope.     Being  able  now  to  detect 
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the  slightest  turbidity  of  the  vitreous  humor,  and  the  smallest 
opacities  of  the  lens  and  vitreous,  we  are  able  to  give  more  decided 
opinion  as  to  the  nature  and  significance  of  muscse.  If  they 
cannot  be  seen  by  the  ophthalmoscope,  no  matter  how  graphically 
they  may  be  described  by  the  patient,  we  can  believe  them  to  be 
the  constituent  cells  of  the  vitreous  casting  their  shadows  upon 
the  retina.  Although  sometimes  very  disturbing  to  the  patient, 
the  surgeon  may  generally  make  them  less  so,  by  quieting  his 
fears  as  to  their  significance.  For,  even  if  real  bodies,  they 
often  disappear  in  time,  and  the  less  important  ones  do  not  al- 
ways increase.  Donders  thinks  that  the  want  of  acuity  of  vision 
of  advanced  age,  is  due  in  large  measure  to  changes  in  the  cells 
of  the  vitreous.  In  the  lens,  senile  changes  may  impair  distant 
vision  without  ever  coming  to  the  dignity  of  cataract. 

Young  subjects  who  are  much  troubled  with  muscse  voli- 
tantes  or  mouches  volantes,  as  the  French  say,  are  usually  below 
the  normal  in  general  strength  or  tone.  In  young  men,  and  more 
rarely  in  young  women,  onanism,  self-abuse,  may  contribute  to 
this  general  condition.  Yet  it  is  to  be  remembered  that  the 
experts  of  our  day,  do  not  lay  quite  so  much  stress  upon  the 
very  common  masturbation  among  young  boys,  as  was  formerly 
done.  Not  so  much  evil  is  ascribed  to  these  vicious  and  de- 
moralizing habits,  as  was  formerly  the  case  among  medical 
writers.  Yet  in  this  very  matter  of  muscse  volitantes,  the 
subject  of  sexual  excess  in  adults,  and  masturbation  in  young 
subjects,  should  be  considered  and  inquired  into  under  proper 
circumstances.  But  in  young  girls  especially,  it  is  wrong  to  put 
lascivious  ideas  into  their  minds,  by  prurient  inquiries  unless 
under  entirely  exceptional  conditions,  and  then  they  should  be 
examined  through  one  of  their  own  sex. 

CYSTICERCI. 

In  this  country  and  Great  Britain,  the  presence  of  cysticerci 
in  the  vitreous,  or  indeed  in  any  part  of  the  eye,  is  an  extremely 
rare  occurrence.  I  have  never  seen  such  a  case.  In  North 
Germany,  the  disease  occurs  occasionally.  According  to  Berry.1 
some  statistics  place  the  frequency  as  one  in  five  hundred  cases 
of  diseases  of  the  eye. 

1  Treatise  on  the  Eye,  p.  322. 
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In  the  cases  grouped  together  in  this  volume,  obtained  from 
the  reports  of  American  ophthalmic  hospitals,  very  few  have 
been  observed.  A  cysticercus  when  in  the  vitreous,  is  said  to 
develop  between  the  retina  and  the  choroid,  when  it  causes  de- 
tachment of  the  retina.  It  is  only  when  perforation  of  the 
retina  takes  place,  and  the  parasite  escapes  into  the  vitreous, 
that  the  diagnosis  can  be  made.  When  the  vitreous  remains 
transparent,  the  vesicle  can  be  distinctly  seen,  and  its  nature 
diagnosticated  by  the  movements  of  the  neck  of  the  parasite, 
which  is  at  times  pushed  out  and  drawn  in.  Irido-cyclitis  is  set 
up  by  the  cysticercus  and  turbidity  of  the  vitreous  occurs.  This 
of  course  renders  a  positive  diagnosis  impossible.  The  treat- 
ment consists  in  the  removal  of  the  parasite.  If  this  be  accom- 
plished, the  eyeball  may  be  saved,  without  atrophy.  If  the  ex- 
act situation  of  the  cysticercus  can  be  made  out,  the  removal  is 
much  favored.  Of  forty -five  cases  operated  upon  by  Alfred 
Graefe,  of  Halle,  twenty  were  entirely  successful.  Hansen- 
Grut,  of  Copenhagen,  records  one  case  where  the  parasite  was 
successfully  removed  and  normal  visual  power  was  secured. 
According  to  Berry '  two  cysticerci  have  been  found  in  one  eye ; 
but  there  is  no  record  of  both  eyes  having  been  affected  with 
this  disease. 

Schmidt-Rimpler  '  traces  the  cysticercus  to  the  taenia  solium. 
The  links  of  the  tape-worm  are  exfoliated,  he  says,  and  pass 
out  with  the  faeces.  The  embryo,  situated  in  the  genitalia  of 
the  links,  is  found  in  the  dung-heaps  of  meadows  and  fields, 
and  from  thence  enters  the  stomach  of  man,  or  dog,  or  pig,  in 
the  food  or  water.  Then  it  loses  its  covering  through  the  ac- 
tion of  the  gastric  juice,  bores  into  the  blood-vessels  and  wan- 
ders about  the  body ;  when  it  is  fixed,  it  begins  its  second  stage 
of  development,  when  it  becomes  known  as  cysticercus.  The 
cysticercus  is  a  vesicle  with  fluid  contents. 

The  cysticercus  may  become  encapsulated  in  the  muscular 
tissue  of  the  hog;  and  if  it  enter  uncooked  the  stomach  or  in- 
testines of  the  human  being,  becomes  a  tape-worm.  Schmidt- 
Rimpler  thinks  it  improbable  that  the  cysticercus  develops  from 
the  embryo  of  the  tape-worm,  from  the  individual  who  carries 


hoc.  cit. 

"  Diseases  of  the  Eye, "  English  translation,  p.  276  et  seq. 
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the  tape-worm.  The  embryos  that  reach  the  eye  do  so  through 
the  blood-vessels.  This  has  been  actually  observed.  Schmidt- 
Rimpler  has  had  a  case  under  observation  for  years  in  which 
the  vitreous  has  remained  normal,  except  a  small  scotoma. 
Cysticerci  do  not  cause  sympathetic  irido-choroiditis,  although 
slight  sympathetic  irritation  has  been  observed.  It  is  possible 
that  cysticerci  occur  more  frequently  in  this  country,  than  has 
yet  been  observed.  Dr.  Cheatham,  of  Louisville,  has  lately  re- 
ported a  case,  "  the  second  reported  in  our  country.1'' '  Certainly 
tape-worm  is  sufficiently  common  here,  to  lead  us  to  be  on  the 
lookout  for  suspicious  scotomata.  The  filaria  oculj,  has  occas- 
ionally been  observed  in  the  vitreous  humor,  as  a  thread-like 
structure.  It  is  more  common  in  Africa,  from  whence  I  have  a 
fine  specimen  removed  from  the  anterior  chamber  by  a  mission- 
ary physician. 

Vessels  of  New  Formation  in  the  Vitreous. — Loring2 
describes  these  as  comparatively  rare,  but  not  so  rare  as  writers 
have  generally  supposed.  According  to  him,  these  are  some- 
times seen  with  a  clear  vitreous  and  give  the  idea  of  primary 
and  independent  affections.  They  reach  far  into  the  vitreous 
and  scarcely  have  any  visible  attachments.  Sometimes  they 
are  supported  by  a  delicate  web  of  connective  tissue,  which  is  so 
thin  as  to  escape  any  but  the  most  expert  and  close  observation. 

These  vascular  new  formations  are  clearly  the  result  of  in- 
flammation. Loring  believes  that  they  owe  their  origin  to 
some  kind  of  retinitis,  in  which  the  adventitia  of  the  parent 
vessel  undergoes  a  hyperplasia  and  then  becomes  vascularized. 
If  the  inflammation  be  severe,  the  vitreous  is  at  first  turbid,  but 
it  finally  clears  up.  The  ophthalmoscopic  picture  is  then  a 
beautiful  one.  Cases  were  seen  by  Loring  in  which  the  vessels 
seemed  to  "extend  forward  toward  the  observer  like  branches 
of  coral,  in  a  perfectly  transparent  fluid,  with  here  and  there  a 
feathery  membrane  connecting  different  branches."  Some- 
times they  appeared  as  "a  short,  thick  red  fringe''  moving 
to  and  fro  with  the  varying  movements  of  the  eye.  The  ves- 
sels were  venous  in  character. 


1  Annals  of  Ophthalmology  and  Otology,  vol.  iii..  No.  2. 
-  Loring,  "Text- Book  of  Ophthalmoscopy,"  vol.  ii.,  p.  40. 
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DISEASES   OF   THE   OPTIC   NERVE. 

Neuritis  Optica. — Atrophy. — Amblyopia  from  Alcohol  and  Tobacco. — Colloid 
Degeneration. — Opaque  Nerve  Fibres. 

Inflammation  of  the  optic  nerve,  optic  neuritis,  is  rarely, 
perhaps  never,  an  independent  affection.  It  arises  by  extension 
from  the  meninges  of  the  brain  or  from  the  retina  and  choroid. 
It  also  occurs  as  a  result  of  the  action  of  certain  poisons  upon 
the  structure  of  the  nerve.  Pressure  upon  the  nerve  and  ob- 
struction to  its  vascular  circulation  from  tumors  of  the  orbit, 
foreign  bodies,  abscesses,  periostitis  of  the  orbit,  are  among  the 
causes  of  optic  neuritis.     It  is  also  believed  by  some  (Pooley, 

Deutschman)  that  there  is 


a  sympathetic  inflamma- 
tion of  the  optic  nerve 
and  retina.  The  excessive 
use  of  alcohol,  of  tobacco, 
inordinate  and  long-con- 
tinued doses  of  quinine, 
are    also    among  the    gen- 

:—  erally  ascribed  causes  of 
optic  neuritis  which  may 
be  finally  followed    by  at- 

^  rophy.  But  the  stage  of 
neuritis  may  have  passed 
over  before  the  examina- 
tion by  the  ophthalmoscope 
shows  that  atrophy  has  oc- 
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the  lookout  for  neuritis  optica  in,  for  example,  meningitis, 
hyperemia,  or  inflammation,  in  tumors,  in  diseases  of  the 
mastoid    process  (Kipp),  it  will  sometimes  be  discovered  when 
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scarcely  suspected.  Optic  neuritis  is  called  ascending  or  de- 
scending, according  as  it  passes  from  the  eye  to  the  nerve,  or 
from  the  brain  to  the  nerve  trunk. 

Ophthalmoscopic  Appearances. — The  surface  of  the  papilla 

is  of  a  reddish  color;  the  individual  blood-vessels  cannot  be 
traced  :  there  may  be  swell- 
ing of  the  head  of  the 
nerve,  varying  in  degree 
according  to  the  intensity 
of  the  disease;  the  veins 
are  large  and  dark-colored 
or  tortuous,  or  the  whole 
papilla  may  be  one  mass  of 
exudation,  in  which  the  in- 
dividual parts  of  the  nerve 
cannot  be  traced,  the  out- 
lines being  lost  in  the  tissue 
of  the  retina  and  choroid. 
It  is  to  be  understood  that 
there  are  all  degrees  of  in- 
tensity of  optic  neuritis, 
varying  from  what  may  be 
called  hyperemia  or  con- 
gestion, to  the  swollen  mass 
called  an  obstructed  papilla, 
Stauungspapille  (German), 
choked  disc. 

Prognosis. — This  depends  very  much  upon  the  cause.  Optic 
neuritis  from  syphilis,  narcotic  poisonings,  alcohol  and  tobacco, 
or  quinine,  may  be  entirely  or  in  part  recovered  from,  while  that 
from  prolonged  pressure,  tumors,  abscesses,  and  so  forth,  gen- 
erally leads  to  atrophy  and  complete  loss  of  sight. 

Treatment. — This  also  depends  upon  the  cause.  Rest  of  the 
eye,  with  protection  from  bright  light,  abstinence  from  any 
agents  that  have  possibly  poisoned  the  blood,  are  indicated  in  all 
cases.  Local  blood-letting,  mercurials,  especially  by  inunction, 
the  sweating  treatment  by  pilocarpine,  are  indicated  in  idiopathic 
cases.  "Where  syphilis  is  the  cause  of  the  neuritis,  it  is  to  be 
vigorously  treated. 


Fig.  149.— Choked  Disc.     (Schmidt-Rimpler.) 
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ATROPHY  OF  THE    OPTIC    NERVES. 

Ophthalmoscopic  Appearances. — The  optic  papilla  is  of  a 
whitish  or  grayish  color.  The  arterial  blood-vessels  are  very 
small.  In  advanced  cases  they  have  disappeared  altogether ;  the 
veins  may  also  be  attenuated  and  the  whole  papilla  have  a 
shrivelled,  glistening  appearance. 

Atrophy  of  the  optic  papilla,  may  be  a  result  of  a  neuritis  of 
active  variety,  such  as  has  just  been  described,  or  it  may  ap- 
pear, notably  in  syphilis,  as  an  atrophic  process,  with  no  indica- 
tions of  neuritis  that  our  present  means  of  diagnosis  enable  us 
to  detect.  It  has  then  been  probably  preceded  by  a  lesion  in 
the  cerebrum.  It  also  occurs  in  diseases  of  the  brain  and  spinal 
cord.  The  vision  is  always  impaired,  and  when  the  atrophic 
process  goes  on,  it  is  obliterated.  The  atrophic  process  is,  how- 
ever, sometimes  arrested.  These  are  also  congenital  cases. 
There  may  be  an  anaemia  of  the  optic  papilla,  sometimes  mis- 
taken for  atrophy,  which  may  be  completely  recovered  from. 
The  visual  field  is  usually  cut  off.  symmetrically  in  the  periphery 
and  as  the  disease  advances  the  field  becomes  smaller  and 
smaller.  The  color  sense  is  impaired.  One  of  the  pathogno- 
monic indications  of  amblyopia  due  to  excessive  use  of  alcohol, 
is  the  existence  of  a  central  scotoma  for  red. 

Amaurosis  is  the  old  name  for  conditions  which  since  the 
use  of  the  ophthalmoscope  have  been  found  to  be  chiefly  atrophy 
of  the  optic  nerve.  Amblyopia  is  also  a  name,  although  it  is 
that  of  a  symptom  mainly,  applied  even  to  the  present  time  to 
loss  of  sight  due  to  affections  of  the  optic  nerve.  For  example, 
toxic  amblyopia,  or  that  caused  by  alcohol,  tobacco,  quinine, 
lead,  and  so  forth. 

TOXIC   AMBLYOPIA. 

Many  years  ago,  Graefe '  reported  a  few  cases  of  retinitis, 
which  he  supposed  to  be  due  to  the  use  of  quinine.  A  review 
of  these  cases  in  the  light  of  modern  investigation,  shows  that 
they  probably  are  not  at  all  due  to  this  drug,  for  they  exhibited 
none  of  the  symptoms  which  in  late  years  have  been  plainly 
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marked  out,  by  the  consensus  of  several  writers,  as  indicating 
quinine  amblyopia.  This  may  be  said  to  be  true,  because  these 
symptoms  are  invariably  found  in  all  the  cases.  These  are:  (  1 ) 
great  concentric  limitation  of  the  held  of  vision,  so  that  the 
vision  is  telescopic;   (2)  lessening  in  the  size  of  the  arteries. 

During  the  first  period  after  the  poisonous  dose  of  quinine 
has  been  taken,  there  may  be  complete  obliteration  of  the  vision. 
A  very  large  dose  of  quinine  repeated  sveral  times  is  usually 
necessary  to  produce  amblyopia.  One  of  my  patients,  one  of 
tbe  very  first  cases  reported,  in  which  the  diagnosis  of  amblyopia 
from  quinine  was  positively  made,  took  on  a  very  careful 
estimate  480  grains  in  twenty-four  hours.1  An  affection  of 
the  auditory  nerve  is  sometimes  associated  with  that  of  the 
optic  nerves,  so  that  the  patient  is  deaf  as  well  as  blind.  It 
should  be  clearly  understood  that  there  are  no  cases  recorded, 
where  small  or  even  moderately  large  doses  of  quinine  have  pro- 
duced amblyopia.  Amblyopia  from  quinine,  has  been  more  fre- 
quently observed  in  America  than  in  Europe,  for  the  simple 
reason  that  quinine  is  very  rarely,  if  ever,  employed  in  Europe 
in  such  large  doses  as  is  quite  common  in  America,.  In  one  case 
of  quinine  amblyopia  that  came  under  my  care,  and  which  I  have 
fully  reported,2  the  quinine  was  used  per  rectum  to  arrest  a  per- 
nicious malarial  fever.  It  is  seen  from  this,  that  although  am- 
blyopia does  occur  from  quinine,  it  is  entirely  exceptional  and 
not  to  be  compared  with  those  forms  of  toxic  amblyopia  that 
may  result  from  an  habitual  and  excessive  use  of  the  poisoning 
agents. 

For  example,  the  amblyopia  that  occurs  among  those  who 
constantly  and  regularly  drink  spirituous  liquors,  is  not  of  the 
exceptional  character  of  that  from  quinine,  while  the  amblyopia 
reported  from  the  use  of  iodoform  as  a  dressing  is  a  very  rare 
occurrence. 

There  has  been  much  loose  writing  about  toxic  amblyopia, 
sc  much  so  as  to  cause  a  doubt  in  some  minds  whether  it  is  so 
frequently  caused  by  alcohol  and  tobacco,  as  has  been  supposed ; 
and  some  have  doubted  if  amblyopia  from  tobacco  ever  occurs. 
As  for  myself,  I  am  an  agnostic  as  to  this  latter  subject.     I  have 

1  Archives  of  Ophthalmology,  vol.  ix.,  No.  1,  p.  81. 

8  Transactions  American  Ophthalmological  Society,  1887. 
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seen  amblyopia  occurring  in  those  who  drank  heavily,  and  who 
also  used  tobacco,  but  I  am  not  at  all  sure  that  I  have  seen  a 
case  when  the  constant  and  even  immoderate  use  of  tobacco 
alone,  has  caused  amblyopia.  Serious  harm  to  the  general 
system  can  certainly  be  sometimes  traced  to  the  use  of  tobacco, 
but  in  New  York,  at  least,  cases  of  amblyopia  due  to  this  drug 
are  extremely  rare. 

My  late  associate,  Dr.  Edward  T.  Ely, '  examined  the  eyes  of 
one  hundred  and  two  persons  working  in  cigar  factories,  under 
generally  unhygienic  conditions  and  using  tobacco  to  excess  in 
smoking.  He  did  not  find  one  case  of  tobacco  amblyopia,  among 
these  one  hundred  and  two.  He  found  some  men  with  presbyopia 
and  hypermetropia,  who  were  embarrassed  in  doing  the  finer 
parts  of  their  work  and  who  might  have  passed  for  cases  of 
amblyopia.  Dr.  Ely  astutely  remarks  that,  if  amblyopia  were 
a  common  disease  among  cigar  makers  and  smokers,  a  certain 
tradition  would  grow  up  among  them  on  this  subject.  But 
none  such  exists.  In  his  inquiries  among  the  most  intelligent 
workmen,  he  did  not  find  one,  even  among  those  grown  old 
in  the  business,  who  had  even  ever  heard  of  vision  being  im- 
paired by  tobacco.  In  only  two  of  Dr.  Ely's  cases  did  he  find 
evidence  that  the  amblyopia  might  be  attributed  to  tobacco,  and 
he  did  not  think  the  evidence  positive.  Indeed  it  could  not 
be  called  proof.  In  Turkey,  where  everybody  smokes,  and 
smokes  excessively,  as  has  been  set  forth  by  K.  B.  Carter  and 
myself  and  others,  from  most  reliable  evidence  from  physicians, 
amblyopia  or  amaurosis  from  tobacco  is  unknown.  The  kind  of 
tobacco  used  may  have  something  to  do  in  explaining  the  dis- 
crepancy between  Mr.  Jonathan  Hutchinson's  views  and  those 
here  set  forth,  for  in  London  and  in  Great  Britain,  in  general,  the 
laboring  classes  seem  to  use  a  much  stronger  kind  of  tobacco  than 
is  used  in  this  country  and  in  Turkey.  Yet  some  of  Mr.  Hutch- 
inson's own  countrymen  are  almost,  if  not  (mite,  as  agnostic  in 
their  views  as  to  the  existence  of  tobacco  amblyopia,  as  is  the 
present  writer.  Among  them  may  be  mentioned  Mr.  R.  B. 
Carter  and  the  late  Sollberg  Wells.  Mr.  Hutchinson  thinks  that 
total  abstainers  from  stimulants,  are  more  liable  to  suffer  than 
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others,  and  he  has  an  impression,  he  says,  that  on  the  whole 
alcohol  counteracts  tobacco.  Yet,  as  Dr.  Ely  points  out  in  his 
paper,  in  at  least  half  of  the  cases  reported  by  Mr.  Hutchinson, 
the  patients  were  drinkers. 

Treatment. — In  suspected  toxic  amblyopia,  the  use  of  alcohol 
and  tobacco  should  be  entirely  discontinued,  and  strychnia  ad- 
ministered. It  is  better  to  employ  the  drug  hypodermically, 
beginning  with  a  very  small  dose,  say,  one  one-hundred-and-twen- 
tieth  of  a  grain,  and  going  up  slowly  day  by  day  until  a  physi- 
ological effect  be  produced.  After  an  interim,  the  treatment 
may  be  resumed. 

It  is  hardly  necessary  to  say  that  no  remedy  will  be  of  avail 
if  true  atrophy  has  occurred ;  but  as  anaemia  of  the  optic  papilla 
may  be  mistaken  for  atrophy,  in  at  all  doubtful  cases  it  is 
well  to  give  strychnia.  Besides  this,  the  general  nutrition  should 
be  carefully  looked  after,  and  the  patient  kept  under  the  best 
possible  hygienic  conditions.  Most  marked  improvement  in  the 
vision,  often  results  from  such  treatment  in  cases  where  the  use 
of  alcohol  and  tobacco  are  absolutely  given  up,  and  strychnia 
administered. 

Ophthalmoscopic  Appearances  in  Amblyopia  Supposed  to  be 
from  Alcohol  and  Tobacco. — In  amblyopia  due  to  these  agents, 
the  ophthalmoscopic  appearances  are  not  marked.  Observers 
are  apt  to  speak  of  the  optic  papilla  as  well  as  the  whole  fundus, 
as  having  a  dirty  appearance.  Sometimes  the  papilla  is  mark- 
edly white,  and  the  vessels  small. 

OPAQUE  NERVE  FIBRES. 

This  is  a  congenital  condition,  easily  recognized  by  the  oph- 
thalmoscope; but  those  who  are  not  on  the  lookout  for  the  con- 
dition may  mistake  it  for  serious  disease. 

This  anatomical  condition  is  caused  by  a  retention  of  the 
medullary  sheaths,  which  in  a  normal  condition  are  lost  when 
the  nerve  expands  into  the  papilla. 

An  irregular  white  patch  of  dull  white  opacity  is  seen  to 
involve  usually  a  small  part  of  the  periphery  of  the  optic  papilla. 
Vessels  may  sometimes  be  seen  under  it.  It  may  affect  one  eye 
alone,  or  be  symmetrical.     It,  of  course,  increases  the  size  of 
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the  blind  spot,  but  does  not  impair  vision  unless  very  large.  '  Its 
existence  is  almost  always  unsuspected  by  the  patient,  for  the 
simple  reason  that  he  cannot  usually  compare  his  vision  with 
that  of  others  in  such  a  way  as  to  enable  him  to  detect  this  large 
blind  spot.      (See  chromo- lithograph  No.  XII.) 

COLLOID   DEGENERATION   OF    THE  OPTIC    PAPILLA. 

Number  eleven  in  the  series  of  chromolithographs  appended 
to  this  book,  gives  an  accurate  representation  of  a  peculiar  form 
of  change  in  the  optic  papilla  known  as  colloid  degeneration. 
This  condition  is  the  result  of  an  optic  neuritis,  usually  of  an 
insidious  form.  In  some  cases  the  first  diagnosis  is  made  when 
the  patient  is  not  aware  of  any  loss  of  vision,  but  suffers  from 
asthenopia  for  which  glasses  are  desired.  In  one  case  that  I 
saw,  a  lady  in  middle  age,  fifty-two,  was  apparently  suffering 
from  malarial  poisoning,  and  an  optic  neuritis  of  a  low  grade 
was  followed  by  colloid  degeneration  of  the  papilla.  The  vision 
was  only  moderately  impaired,  when  the  disease  had  run  its 
course.  E.  E.  =  y2o°oS  L.  E.  =  f£.  The  ophthalmoscopic  ap- 
pearances are  those  of  little  grayish -white  masses  heaped  up  on 
the  surface  of  the  papilla. 
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Here,  as  in  other  instances  in  ophthalmology,  the  name  of  a 
disease  is  but  an  expression  of  an  obsolete  pathology,  or  a  name 
of  a  symptom,  perhaps  of  itself  not  important.  Glaucoma,  in 
the  professional  acceptation  of  our  time,  is  a  disease  character- 
ized by  increased  tension  of  the  eyeball.  There  are  numerous 
other  symptoms  attached  to  the  idea  of  glaucoma,  which  will  be 
fully  discussed  in  this  chapter,  but  if  increased  tension  be  pres- 
ent, glaucoma  may  be  said  to  exist.  Glaucoma  occurs  in  two 
chief  varieties.  First,  it  is  an  independent  affection  appearing 
in  eyes  that  have  been  previously  healthy  (primary  glaucoma). 
Second,  it  occurs  in  consequence  of  other  diseases,  such,  for  ex- 
ample, as  keratitis,  phakitis  (swelling  of  the  lens).  In  the  lat- 
ter instance,  it  is  styled  secondary  glaucoma.  The  primary 
form  may  be  further  subdivided  into  acute  and  chronic  glau- 
coma. 

Primary  glaucoma,  as  distinguished  from  secondary,  is 
that  form  whose  occurrence  or  existence  cannot  be  referred  to 
any  previous  disease  of  the  eye.  This  is  the  form  of  chief  dis- 
cussion, for,  in  the  nature  of  things,  it  is  that  which  presents 
most  of  the  symptoms  which,  when  grouped,  constitute  the  dis- 
ease, while  in  secondary  glaucoma  the  chief  symptom,  the  in- 
crease of  intra-ocular  pressure,  is  perhaps  the  only  one  present. 
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The  picture  of  acute  glaucoma  is  a  decided  one.  The  in- 
creased tension  is  marked.  There  is,  besides,  limitation  of  the 
visual  fields,  and  probably  excavation  of  the  optic  papilla.  But 
this  excavation  may  not  be  seen  in  consequence  of  haziness  of 
the  cornea,  and  turbidity  of  the  aqueous  humor.  There  is  also 
congestion  of  the  general  ocular  conjunctiva  and  of  the  ciliary 
region,  as  well  as  lachrymation  and  photophobia.  The  pupil  is 
dilated  and  the  iris  pushed  forward,  while  the  cornea  is  insen- 
sible. It  is  possible  to  bring  a  piece  of  paper  or  the  like  in  con- 
tact with  it,  without  exciting  any  reflex  action.  In  such  cases 
the  accommodative  power  is  nearly  lost,  and  the  vision  is  much 
impaired.  If  the  fundus  can  be  seen,  the  excavation  of  the 
papilla,  as  well  as  spontaneous  pulsation  of  the  arteries,  is 
usually  present.  The  veins  are  dilated  and  tortuous  and  also 
pulsating. 

The  excavation  of  the  optic  disc  in  glaucoma  is  peculiar  to 
the  disease.  It  is  complete  to  the  edges  of  the  disc,  and  the  ves- 
sels pass  over  the  sides  in  an  abrupt  way,  as  shown  in  the  col- 


Fig.  150. — Cuts   showing    Different   Forms   of  Excavations   of  the   Optic   Nerve.     (Fcchp.) 
A,  Congenital  excavation;  B,  atrophic  excavation ;  C,  glaucomatous  excavation. 

ored  plate,  Fig.  III.  In  making  an  ophthalmoscopic  examina- 
tion of  the  excavation  in  glaucoma,  by  the  indirect  method,  if 
the  object-lens  be  moved  sideways,  the  margin  of  the  picture 
seems  to  move  over  its  centre  "like  a  frame  over  a  picture." 
Besides  all  these  objective  symptoms,  the  patient  will  complain 
of  constant  neuralgic  pains,  extending  in  the  course  of  the 
facial  branch  of  the  fifth  nerve,  and  of  the  most  excruciating 
character.  Indeed,  those  who  are  not  familiar  with  the  char- 
acteristic phenomena  of  glaucoma  may  mistake  the  disease  for 
neuralgia.       This  is  a   grave  error,    which    generally  leads  to 
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allowing  the  patient  to  become  completely  blind.  If  all  these 
symptoms  just  narrated  be  present,  even  the  inexperienced 
surgeon  would  seldom,  if  ever,  mistake  glaucoma,  but  un- 
fortunately they  are  not  usually  all  present  in  one  case.  Yet 
he  who  remembers  that  increased  tension  of  an  eyeball  always 
means  glaucoma,  will  never  mistake  it  for  any  other  disease. 

I  am  perfectly  well  aware  of  the  other  classifications,  namely, 
congestive,  inflammatory,  simple  glaucoma,  and  so  forth,  and  some- 
thing may  be  said  in  their  favor,  but,  from  careful  observation,  I  am 
convinced  that  the  most  satisfactory  nomenclature  is  that  which 
groups  all  forms  of  primary  glaucoma  under  two  heads,  acute  and 
chronic,  as  has  been  done  here.  It  should  be  said,  in  addition,  that 
not  all  the  cases  of  acute  glaucoma,  that  is  to  say,  those  attended 
with  great  pain  and  congestion  in  the  ciliary  region,  are  also  accom- 
panied by  the  marked  excavation  of  the  optic  papilla,  which  has  been 
described,  but  should  the  attacks  recur  frequently,  the  excavation 
finally  appears. 

In  chronic  glaucoma,  in  the  intervals  of  acute  or  subacute 
attacks,  when  the  intra-ocular  pressure  is  not  increased,  we  are 
obliged  to  depend  upon  two  important  conditions  to  enable  us 
to  make  a  diagnosis  between  atrophy  of  the  optic  nerve,  and 
chronic  glaucoma.  These  conditions  are,  first,  the  visual  field. 
The  visual  field  in  atrophy  is  generally  symmetrically  con- 
tracted, while  that  in  glaucoma  is  contracted  unevenly,  more 
to  the  nasal  side.  This  is  an  important  indication,  but  if  it  do 
not  exist  in  conjunction  with  the  other,  it  is  deprived  of  some 
of  its  significance.  It  is,  however,  in  the  character  of  the  ex- 
cavation, in  the  absence  of  increased  tension,  that  we  make  the 
diagnosis  in  such  cases.  This  excavation  (glaucoma)  is  com- 
plete in  all  the  parts  of  the  optic  papilla.  To  use  one  of  the  old 
similes  in  description,  the  vessels  climb  over  its  edges  as  if  out 
of  a  kettle.  The  foregoing  figures  from  Fuchs,  as  well  as 
the  chromo-lithograph,  illustrate  this.  It  is  remarkable  that 
in  the  early  discussion  of  this  disease,  with  the  light  of  the  re- 
cently invented  ophthalmoscope,  such  observers  as  Jaeger  should 
have  considered  that  which  is  now  so  readily  recognized  as  an 
excavation,  to  be  a  swelling. 

Loring '  observes  that  in  the  earlier  stages  of  glaucoma,  it 

1  "Text-Book  of  Ophthalmoscopy,"  vol.  ii.,  p.  227  et  seq. 
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may  happen  that  the  excavation  does  not  extend  all  about,  but 
exists  on  one  side,  usually,  not  always,  on  the  temporal  side. 
This  author  considers  it  difficult  to  say  positively  whether  such 
an  excavation  be  a  commencing  glaucomatous  excavation  or  a 
physiological  one,  that  is  being  transformed  into  a  glaucomatous 
one.  In  the  intra-ocular  pressure  the  lamina  cribrosa  is  pushed 
backward.  In  the  earlier  stages,  the  anterior  portion  is  first 
moved,  while  the  posterior  border  retains  its  original  position. 
Subsequently,  the  latter  also  gives  way,  and  the  tissue  in  front  of 
the  lamina  is  absorbed  until  it  exists  only  as  a  membranous  ex- 
pansion at  the  bottom  of  the  papilla. ' 

Loring  believes  that  it  is  the  implication  of  the  lamina  cri- 
brosa, and  the  changes  that  it  undergoes,  that  chiefly  distinguish 
a  glaucomatous  from  a  physiological  or  atrophic  excavation,  in 
which  the  lamina  retains  its  normal  place.  An  excavation  of 
glaucomatous  type  may  be  from  one  to  nearly  two  millime- 
tres. Of  the  ophthalmoscopic  picture  Loring  remarks  "  that 
the  pale-blue  color,2  or  the  pale  or  emerald -green  color  of  the 
rim,  especially  on  the  temporal  side,  comes  into  view  with  a  low 
grade  of  illumination.  With  the  now  common  illumination 
from  a  frosted  electric  light  of  10-candle  power,  this  effect  can 
be  very  much  better  seen  than  with  a  lamp  or  gas-burner. 

The  choroid  has  a  part  in  the  ophthalmoscopic  picture.  The 
white  ring  around  the  nerve  is  due  to  atrophy  of  the  choroid. 
This  ring  is  of  varying  width,  while  the  whole  choroid  has  a 
faded,  washed-out  appearance  (Loring).  The  vitreous  opacities, 
if  they  exist,  as  some  authorities  claim,  are  certainly  not 
marked  in  chronic  glaucoma,  and  can  only  be  seen  by  very  close 
examination.  As  in  atrophy  of  the  optic  nerve,  it  is  somewhat 
of  a  characteristic  of  glaucoma  that  they  do  not  occur,  although 
Loring  argues  that  we  might  naturally  conclude  that  they  are 
present,  as  in  ail  affections  of  the  uvea,  but  in  glaucoma  the 
character  of  the  uveal  inflammation  is  rather  that  of  a  swelling 
than  an  exudation,  that  does  not,  after  all,  naturally  lead  to 
hyalitis. 

To  note  a  suspected  glaucomatous  excavation,  the  direct 
method  of  ophthalmoscopic  examination  is  the  one  to  be  em- 


Loring,  loc.  cit.,  p.  228.  "Loc.  cit.,  p.  232. 
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ployed,  for  one  is  less  likely  to  make  an  error  of  overlooking  an 
incipient  excavation.  Yet  the  inverted  aerial  image  should  not 
be  entirely  given  up,  as  is  too  much  the  custom.  Loring  considers 
the  picture  by  the  reversed  method,  as  clearer  and  brighter, 
and  he  thinks  that  slight  pulsations,  whether  spontaneous  or 
artificial,  are  more  easily  detected  from  the  concentration  and 
brilliancy  of  the  picture. 

The  degree  of  hardness  of  the  globe  varies  somewhat  in 
health,  according  as  the  sclerotica  is  more  or  less  elastic,  but 
yet  there  is  a  normal  resistance  which  can  only  be  determined 
by  frequent  testing,  and  which  cannot  be  perfectly  described.  The 
surgeon  should  accustom  himself,  by  testing  normal  eyes,  to  de- 
termine whether  or  not  the  tension  is  increased  in  a  given  case. 
While  it  may  be  considered  as  about  the  same  in  all  normal 
eyes,  it  varies  in  diseased  ones  all  the  way  from  extreme  soft- 
ness to  stony  hardness.  To  test  the  tension  of  an  eyeball,  the 
patient  is  directed  to  close  his  eyes  gently,  and  to  look  down- 
ward. The  surgeon  then  places  both  forefingers  upon  the  up- 
per part  of  the  globe,  and  makes  pressure  and  counter-pressure, 
much  as  in  testing  for  fluctuation  in  the  case  of  suspected  ab- 
scess or  the  presence  of  fluids.  The  two  eyes  of  the  same  pa- 
tient should  always  be  carefully  compared.  Bowman  (London, 
1860-82)  made  a  system  for  recording  the  tension  as  follows: 

Normal  tension,  Tn. 

T-f-1,  T-f-2,  T-f-3  for  successive  degrees  of  increased  tension. 
T  — 1,  T  — 2,  T— 3  for  degrees  of  decreased  tension.  A  sign  of 
interrogation  in  case  of  doubt. 

While  this  system  of  nomenclature  is  of  some  value,  it  is  usu- 
ally sufficient  to  note  that  the  tension  is  increased  or  diminished. 

SYMPTOMS  OF  ACUTE  GLAUCOMA. 

The  symptoms  of  glaucoma  of  an  acute  type,  may  be  enu- 
merated as  follows : 
Objective: 

1 .  Increase  of  tension. 

2.  Ciliary  and  conjunctival  congestion. 

3.  Anaesthesia  of  the  cornea. 

4.  General  contraction  of  the  visual  field,  usually  more  to 

the  nasal  side. 


356  GLAUCOMA. 

5.  Haziness  of  the  cornea. 

6.  Turbidity  of  the  aqueous  humor. 

7.  Total  excavation  of  the  optic  papilla. 
Subjective: 

1.  Pain  of  a  neuralgic  and  sometimes  intermittent  character. 

2.  Halo  around  a  lighted  object. 

3.  Impairment  of  vision  and  of  accommodation. 

In  the  prodromal  stages  of  glaucoma,  a  dull,  heavy  pain  in 
the  forehead  is  also  spoken  of.  The  haziness  of  the  cornea  is 
due  to  oedema,  as  shown  by  Arlt.  It  is  more  marked  in  the 
centre  of  the  cornea.  Fuchs  shows  that  one  may  demonstrate 
the  cause  of  the  halo  by  looking  out  upon  a  street  light  on  a 
winter's  evening,  through  a  frosted  pane  of  glass.  Fuchs '  ad- 
duces the  rapid  clearing  up  of  the  cornea  after  paracentesis  or 
iridectomy  as  well  as  the  anatomical  examination  as  proof  of 
this.  This  latter  shows  that  the  most  anterior  lamellae  of  the 
cornea  are  separated  from  each  other  by  fluid.  According  to  this 
author,  the  fluid  is  also  found  in  the  shape  of  minute  drops  be- 
tween Bowman's  membrane  and  the  epithelium,  and  between  the 
epithelial  cells  themselves.  These  are  thus  separated  from  each 
other  on  pressure  upward,  so  that  the  surface  of  the  cornea  be- 
comes early  uneven  and  dull.  If  the  lifting  up  of  the  epithelium 
goes  on  to  any  great  extent,  little  vesicles  appear  on  the  surface 
of  the  cornea. 

But,  as  has  been  said,  acute  glaucoma,  which  no  educated 
physician  ought  to  mistake,'  is  by  no  means  often  seen  with  all 
these  phenomena,  which  have  thus  been  detailed.  Even  acute 
glaucoma  admits  of  many  varieties  in  the  severity  and  number 
of  the  symptoms.  We  may  see  a  case  of  glaucoma,  with  only 
moderate  attacks  of  pain,  which  quickly  pass  over,  and  with 
very  slight  congestion  of  the  conjunctiva  and  ciliary  body,  and 
with  scarcely  any  dilatation  of  the  pupil  or  anaesthesia  of  the 
cornea,  but  we  may  safely  say,  that  there  are  no  cases  of  acute 
glaucoma,  in  which  there  is  not  impairment  of  vision  and  fail- 
ure of  accommodation,  with  limitation  of  the  visual  field  and 
above  all  increase  of  tension. 

Unfortunately  for  the  patient,  many  cases  of  acute  glaucoma 

1  "Lehrbuch,"  p.  377. 
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pass  over  without  a  diagnosis,  especially  among  the  ignorant 
classes,  or  among  those  who,  although  not  ignorant,  despise 
medical  authority  and  ignore  all  disease  until  actually  overcome 
and  disabled  permanently  by  it.  Among  such  people  one  at- 
tack succeeds  another.  It  is  treated,  if  treated  at  all,  as  neu- 
ralgia of  the  eye  and  face,  until  the  havoc  made  by  each  attack, 
in  a  gradually  restricted  field  of  vision,  impairment  of  visual 
power,  excavation  of  the  optic-nerve  entrance,  finally  culmi- 
nates in  a  rigid  and  widely  dilated  pupil,  an  atrophied  optic 
nerve,  a  stony-hard  globe,  and  complete  loss  of  sight — absolute 
glaucoma.  At  last  opacity  of  the  lens,  secondary  cataract, 
completes  the  picture,  and  we  have  visual  ruin,  to  which  is 
sometimes  added  a  persistent  aching  pain,  which  can  only  be 
relieved  by  enucleating  the  sightless  eyeball. 

Age  at  which  the  Disease  Occurs. — Acute  glaucoma  is 
predominantly  a  disease  of  the  middle-aged  and  old.  Of  31 
successive  cases  in  my  private  practice  (see  table),  four  only 
occurred  in  persons  under  forty  years  of  age.  That  of  the 
youngest  case  had.  a  large  hysterical  element.  Mackenzie 
thought  that  it  never  occurred  in  young  persons.  Some  obser- 
vers have  thought  that  the  Jewish  race  is  particularly  disposed 
to  glaucoma,  but  I  have  not  been  able  to  verify  or  disprove  this 
opinion. 

Below  are  given  the  ages  of  thirty-one  patients  having  glau- 
coma, whom  I  have  seen  in  private  practice : 


22 

52 

.-.: 

64 

70 

26 

54 

57 

64 

71 

36 

54 

60 

65 

74 

39 

55 

60 

65 

77 

41 

56 

63 

69 

79 

49 

56 

63 

70 

82 

50 

Eleven  of  these  were  males,  20  females. 

The  following  cases  are  taken  from  the  practice  of  the  Man- 
hattan Eye  and  Ear  Hospital: 


1  male 25 

1  female 27 

2  females 28 

1  female 30 

1  male 31 

1  female 33 


1  female 34 

1  female 35 

1  male 35 

2  males 36 

1  female 36 

2  females 37 


2  females 38 

3  males 38 

1  male 39 

5  males 40 

3  females 40 

1  female 41 
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4  females 42 

2  males 42 

2  females 43 

2  males 43 

1  female 44 

6  females 45 

2  males 45 

1  male 46 

1  female 46 

1  male 47 

1  female 47 

1  female 48 

1  male 48 

2  females 49 

1  male 49 

12  females 50 

3  males 50 

5  females 51 

6  females 52 

3  males 52 


6  females 53 

3  males 53 

6  females 54 

2  males 54 

4  females 55 

3  males 55 

1  female 56 

6  females 57 

3  males 57 

3  females 58 

1  male 59 

8  females 60 

12  males 60 

3  females 61 

1  female 62 

1  male 62 

3  females 63 

3  males 63 

2  males 64 

3  females 65 


3  males 65 

4  females 66 

5  females 67 

2  males 67 

2  females 68 

3  males 68 

2  males 69 

3  males 70 

2  females 70 

3  females 72 

3  males 72 

2  males 73 

1  female 74 

1  male 75 

1  male 77 

1  male 78 

1  male 79 

1  female 83 

A  total  of  119  females 
and  82  males  =  201. 


It  will  be  observed  that  only  fifteen  of  these  two  hundred 
and  one  cases  were  under  forty  years  of  age. 

Priestley  Smith's  tables  of  primary  glaucoma,  collected  by 
various  observers,1  show  a  total  of  431  males  to  569  females. 
His  chart  indicates  the  ages  between  fifty  and  seventy  years  as 
those  in  which  glaucoma  is  likely  to  occur.  This  corresponds 
very  well  with  the  tables  here  printed. 

Not  one  per  cent  of  the  thousand  cases  thus  collected  began 
earlier  than  the  twentieth  year,  while  the  frequency  increases 
between  fifty  and  seventy  years.  After  the  latter  period  it  de- 
creases. Cases  beginning  after  fifty  years  of  age  are  twice  as 
numerous  as  those  before  fifty  years  is  reached.  It  is  very 
likely,  from  what  I  have  seen,  that  Priestley  Smith  is  correct  in 
believing  that  the  decrease  after  seventy  years  of  age  is  more 
apparent  than  real,  for  the  simple  reason  that  among  certain 
classes,  infirmities  and  diseases  that  come  to  those  advanced  in 
life  are  considered  as  a  matter  of  fate,  and  with  Arabic  tran- 
quillity the  friends  and  even  the  sufferers  themselves  often 
submit  to  blindness  as  inevitable,  as  being  without  any  prospect 
of  relief.      Besides,  as  the  author  I  am  quoting  says,  they  are 


1  Transactions  of  the  Ophthalmological  Society  of  the  United  Kingdom,  1886, 
p.  294  et  seq. 


ETIOLOGY.  359 

often  inmates  of  work-houses,  or  from  the  infirmities  of  age  are 
prisoners  at  home. 

ETIOLOGY. 

For  the  present  state  of  our  knowledge  as  to  the  anatomical 
causes  or  rather  the  pathology  of  glaucoma,  we  are  chiefly  in- 
debted to  the  investigations  of  Brailey  and  Priestley  Smith, 
who  found  in  the  lessening  of  space  around  the  ciliary  processes 
for  the  performance  of  their  secretory  functions,  the  chief  cause 
of  the  occurrence  of  glaucoma.  The  underlying  cause  of  glau- 
coma, the  latter-named  author  affirmed  to  be  an  insufficient 
space  about  the  lens.  This  deficiency  may  probably  occur  from 
the  following  reasons : 

I.  Possibly  from  an  abnormally  large  lens. 

II.  From  an  abnormally  small  ciliary  region. 

III.  An  abnormal  enlargement  of  the  ciliary  processes. 
Priestley  Smith  accounts  for  the  greater  frequency  of  glau- 
coma in  hypermetropic  eyes  by  its  subnormal  dimensions.  This, 
of  course,  can  only  be  true  of  hypermetropia  of  a  very  consider- 
able degree. 

The  immunity  from  glaucoma  in  young  persons,  is  explained 
by  Priestley  Smith  as  due  to  the  relatively  small  size  of  the  lens 
in  youth,  which  leaves  ample  room  for  "  individual  variations 
in  structure,  for  the  expansion  of  the  ciliary  process,  and  for  the 
play  of  the  iris."  Hence,  the  things  that  induce  glaucoma  in 
later  life,  for  example,  violent  emotion,  exhaustion,  neuralgia, 
cerebral  congestion,  the  use  of  atropine,  are  inoperative  in  youth, 
because  the  predisposing  condition  is  absent.  The  difference 
presented  by  the  two  sexes  appears  in  my  tables,  as  well  as  those 
of  the  other  writers.  Priestley  Smith  thinks  the  non-congestive 
(chronic)  form  occurs  just  about  as  frequently  in  the  two  sexes, 
while  women  are  more  apt  than  men  to  the  acute  form.  He 
rejects  Stellwag's  theory  of  the  rigidity  of  the  sclera,  as 
being  the  great  predisposing  cause  of  glaucoma,  for  he  shows 
that  even  in  the  elastic  tissues  of  young  eyes,  secondary  glau- 
coma of  several  kinds  occurs.  He  does  admit  the  effects  of  a 
rigid  sclera,  as  opposed  to  an  elastic  one,  by  noting  the  fact 
that  a  pressure  that  will  excite  no  influence  upon  the  eye  of  age, 
distends  a  youthful  eye  excessively  in  the  course  of  a  few  months. 
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1  adopt  Priestley  Smith's  nomenclature  of  "congestive"  in 
place  of  "inflammatory,"  for,  as  he  says  with  unassailable 
force,  the  disease  is  no  more  inflammatory  than  strangulated 
hernia.  He  quotes  Sir  William  Bowman,  who  wrote  twenty - 
five  years  ago:  "Glaucoma  is  in  its  essence  not  an  inflammation, 
and  when  inflammatory  it  is  only  so  as  it  were  by  accident  or 
complication." ' 

Yet  I  believe  it  still  simpler  to  divide  the  two  chief  forms 
into  acute  and  chronic,  while  we  understand  that  the  acute  form 
is  congestive,  rather  than  inflammatory. 

Much  stress  is  laid  by  many  upon  a  gouty  diathesis,  as  giving 
occasion  to  glaucoma.  This  was  the  view  of  the  older  authors, 
and  it  has  been  of  late  revived  in  this  country  by  Eichey "  and 
others.  There  is  some  ground  for  such  an  etiology,  for  there 
are  cases  in  which  the  rheumatic  or  gout}'  diathesis  is  well 
marked,  and  in  which  anti-rheumatic  constitutional  treatment 
of  the  usual  kind  is  of  avail.  But,  on  the  other  hand,  I  have 
seen  cases  in  which  no  rheumatic  or  arthritic  diathesis  could  be 
demonstrated  or  fairly  suspected  to  exist. 

Local  inflammations  of  the  eye.  as  we  have  seen,  phakitis, 
swelling  of  the  lens,  may  produce  secondary  glaucoma.  It  is 
possible  that  an  uncorrected  error  of  refraction  may  produce 
glaucoma.  Such  a  theory  is  very  tenable,  but  it  would  be  diffi- 
cult to  show  that  the  existence  of  astigmatism  was  not  a  mere 
coincidence  and  not  a  determining  cause.  It  was  long  since 
shown  that  the  instillation  of  atropia  may  bring  on  an  attack  of 
glaucoma  (Hasket  Derby).  The  danger  of  using  atropine  is  be- 
cause the  filtration  angle  may  be  already  on  the  verge  of  danger- 
ous compression,  and  the  thickening  produced  in  the  base  of  the 
iris  when  the  pupil  dilates,  may  at  once  cause  an  actual  obstruc- 
tion. But  unless  scopolamine  should  prove  to  be  one,  there  is  no 
mydriatic  that  may  not  produce  glaucoma,  and  there  is  none, 
scopolamine  included,  which  does  not  produce  constitutional 
effects.  Scopolamine  dilates  the  pupil  more  widely  than  any 
mydriatic  which  I  know.  If  it  be  true  that  it  does  not  cause 
glaucoma,  it  may  be  because  it  leaves  a  larger  space  between  the 
ciliary  process  and  the  lens. 

'Trans.  Ophthalmological  Society  of  the  United  Kingdom,  1886,  p.  294  et  seq. 

2  Transactions  American  Ophthalmological  Society,  1892. 
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Dr.  John  Green  reports  '  a  case  of  acute  glaucoma  following 
closely  upon  a  single  application  of  a  two-per-cent  preparation  of  du- 
boisia.  The  case  was  that  of  a  woman  of  sixty-seven,  who  had  lost 
one  eye  from  acute  glaucoma.  When  she  called  on  Dr.  Green,  her 
vision  had  been  failing  in  the  other  eye  for  more  than  a  year,  but  she 
had  no  pain.  Her  vision  was  £#,  pupil  not  at  all  dilated,  anterior 
chamber  shallow,  tension  +?  Dr.  Green  dilated  the  pupil  by  means 
of  a  slip  of  paper  impregnated  with  duboisia  extract.  With  the 
ophthalmoscope  he  found  a  depression  of  the  outer  half  of  the  optic 
disc,  with  the  lamina  cribrosa  plainly  visible  through  the  transparent 
floor  of  the  excavation.  Two  hours  after  extreme  pain  came  on,  and 
continued,  attended  with  nausea  and  vomiting.  The  next  day  she 
had  all  the  symptoms  of  acute  glaucoma.  Under  the  use  of  calabar 
extract  and  pilocarpine,  the  pain,  dilatation  of  the  pupil,  cloudiness 
of  the  media  diminished,  and  vision  promptly  improved.  Finally 
her  vision,  about  a  week  after,  returned  to  its  normal  condition. 
One  month  after  it  began  to  fail  again,  and  in  October  glaucoma  had 
fully  set  in. 

Doubt  is  sometimes  expressed,2  whether  the  occurrence  of 
acute  glaucoma  is  not  coexistent  with  the  use  of  certain  reme- 
dies, rather  than  caused  by  them.  This  may  be  true  in  a  very 
few  cases,  but  the  evidence  is  overwhelming  that  atropia  may 
cause  an  outbreak  of  glaucoma. 

Acute  glaucoma  occurring  very  suddenly,  without  warning, 
like  thunder  from  a  clear  sky,  is  called  glaucoma  fulminans, 
and  glaucoma  that  has  run  its  course  to  complete  blindness, 
with  the  long  chain  of  symptoms  that  have  been  enumerated, 
is  called  glaucoma  absolutum.  Hemorrhagic  glaucoma,  is  also 
a  sub-classification,  but,  after  all,  if  we  divide  glaucoma,  as  has 
been  here  done,  into  primary  and  secondary,  and  then  into  acute 
and  chronic,  there  will  be  a  sufficient  comprehension  of  the  vari- 
ous forms  for  the  thorough  understanding  of  the  subject  by  the 
student. 

CHRONIC   GLAUCOMA. 

Chronic  glaucoma  is  a  disease  which  may  be  readily  mis- 
taken for  atrophy  of  the  optic  nerve.  In  some  cases  even  ex- 
perts may  differ  as  to  the  diagnosis.     Yet  certain  features  may 

1  Transactions  of  the  American  Ophthalmological  Society,  1880,  p.  148. 

2  Dr.  Wads  worth ,  loc.  tit. 
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be  agreed  upon,  as  distinguishing  it  clearly  from  slowly  pro- 
gressing atrophy.  These  symptoms  should  be  held  distinctly  in 
mind,  for  while  an  operation  on  the  iris  may  arrest  for  a  time 
the  advance  of  chronic  glaucoma,  and  eserine  also  maybe  of  ser- 
vice, neither  they  nor  any  other  known  remedies  will  be  of  any 
value  in  well -advanced  and  advancing  atrophy  of  the  optic 
nerves. 

Increased  tension  is  in  chronic  glaucoma,  as  in  acute,  the 
distinguishing  mark  of  the  presence  of  the  disease.  Some 
writers  have  assumed  that  there  is  a  form  of  glaucoma  without 
increase  of  tension.  It  has  been  argued  that  such  eyes  were 
congenitally  of  an  abnormally  low  degree  of  tension,  and  that 
increased  tension  in  them,  has  only  brought  them  up  to  what 
would  be,  in  ordinary  eyes,  a  normal  degree.  But  this  seems 
to  me  a  theory  with  no  substantiating  basis.  I  have  never 
met  with  eyes,  otherwise  healthy,  having  an  abnormally  low 
tension.  It  seems  to  me  that  some  of  them  would  have  been 
encountered  in  my  hospital  service,  if  not  in  my  private  practice, 
did  they  occur. 

The  Excavation  of  the  Optic  Papilla. — Here  there  is 
room  for  difference  of  opinion,   but  inasmuch  as  without  in- 


mm 

Fig.  151.  Fig.  152.  Fig.  153. 

Figs.  151-153 Glaucomatous  Excavations.    (Loring,  Vol.  2,  p.  229.) 

creased  tension  there  can  be  no  glaucoma,  discussion  as  to  the 
differentiation  of  an  excavation  from  atrophy  and  that  from 
chronic  glaucoma,  is  unnecessary.  The  limitation  of  the  visual 
field  is  characteristic.  In  glaucoma  it  is  more  to  the  nasal  side, 
while  in  atrophy  it  is  generally  symmetrical. 

The  accompanying  field  of  vision  is  that  of  a  case  of  chronic 
glaucoma,  occurring  in  a  man  of  fifty-one  years  of  age.  An 
outline  of  the  case  is  here  given. 

X.  A.,  age  51. 

History.— The  patient  says  that  last  January  his  right  eye  be- 
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came  so  painful  he  had  to  walk  the  floor  through  the  night.  It  also 
was  very  red.  It  was  sore  six  days.  Saw  rings  around  lights.  Says 
the  sight  seemed  to  be  good  after  that.  The  sight  has  been  failing 
for  nine  weeks,  and  he  thought  his  glasses  only  were  at  fault. 

Present  Condition. — The  pupils  of  both  eyes  are  slightly  dilated, 
that  of  the  right  slightly  oval.     Anterior  chamber  of  each  eye  shalr 
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Fig.  154. 


low.  There  is  a  slight  greenish  tinge  on  looking  into  the  pupil.  The 
tension  of  the  right  about  +  \  to  1.  Lef t  +  1  to  \\.  The  field  is 
contracted,  especially  on  the  temporal  side. 

The  ophthalmoscope  shows  clear  media,  with  wrell-marked  cup- 
ping of  the  discs  and  breaking  of  vessels. 

Operation,  October  loth. — After  cocainizing  and  cleansing  the 
eyes  with  boric  acid  solution,  double  iridectomy  was  performed.  The 
iridectomies  were  upward. 

October  17th. — Bandage  removed  for  the  first  time,  eyes  cleansed 
and  conjunctiva  found  white.  Cotton  and  drop  shade  applied.  Has 
no  pain. 

October  18th. — There  is  slight  leakage  from  right. 

October  20th. — Bandaged  right.  Left  open.  Eserine,  gr.  ss.  to. 
3  i.,  dropped  in. 

October  21st. — Has  no  pain,  some  lachrymation. 

October  24th. — Doina'  well. 
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October  25th. — Right  counts  fingers.  Left  f-£,  has  no  pain,  doing 
very  nicely. 

October  28th.—  R.  V.  =■&*.  No  improvement.  L.  V.  =|| :  £#  w. 
+  75  D.     No  astigmatism.     J.  No.  1  8"  to  18"  w.  +  2.75. 

Discharged. 

The  accompanying  chart  is  made  from  the  visual  fields  of  a  pa- 
tient, male,  in  his  57th  year.     R.  V.==T2Tr°o  —  ;  L.  E.  •§-$  —  .     An  irid- 
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-ectomy  was  performed  by  Dr.  Miller  of  Providence,  R.  I.,  and  the 
patient  retains  his  vision. 

The  next  is  the  field  of  the  left  eye  of  a  woman  of  about  45,  who 
has  lost  the  right  eye  from  chronic  gMucoma,  and  for  who  mafter 
use  of  eserine  for  ten  years,  I  performed  an  iridectomy.  The  disease 
had  been  arrested  for  six  months. 

Chronic  glaucoma  may  pursue  its  course  in  one  eye,  leaving 
the  other  unaffected  even  to  advanced  life,  and  while  it  is  the 
rule  that  glaucoma  in  one  eye,  is  to  be  followed  by  the  same 
disease  in  the  other,  it  is  not  a  rule  without  many  exceptions, 
as  some  interesting  examples  show.  This  is  a  matter  of  the 
greatest  importance  in  making  a  prognosis.  Besides  ulcerative 
keratitis,  advancing  corneal  staphylomata  and  posterior  synechia? 
may  cause  secondary  glaucoma.  But  here  the  diagnosis  need 
involve  no  particular  difficulty,  if  the  surgeon  in  treating  these 
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conditions  is  on  the  lookout  for  a  bard  globe.  Glaucoma  may 
coexist  with  ordinary  senile  cataract.  I  was  consulted  some 
years  ago  by  a  physician  of  advanced  years,  he  being  more 
than  eighty  years  of  age,  on  account  of  impairment  of  sight  in 
one  eye.  I  then  learned  that  the  sight  had  been  completely 
gone  in  the  fellow  for  some  time.  On  examination,  I  found 
that  there  was  chronic  glaucoma,  with  absolute  loss  of  vision. 
It  is  rather  remarkable  that  the  old  gentleman  recovered  his 
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Fig.  156. 


sight  in  the  eye  suffering  from  hemorrhagic  retinitis,  so  that  he 
was  able  to  use  it  for  reading  and  writing,  and  he  lived  some 
four  years  after  the  attack. 

SECONDARY  GLAUCOMA. 

Glaucoma  sometimes  occurs  after  a  cataract  operation.  This 
most  untoward  of  results  generally  is  due,  according  to  our  ideas 
of  the  etiology  of  the  disease,  to  incarceration  of  the  iris  in  the 
wound,  a  gluing  together  of  the  capsule  and  the  iris,  and  an  in- 
terference, by  inflammatory  exudation  in  the  anterior  part  of  the 
eye,  with  proper  filtration ;  in  other  words,  to  lessening  of  the 
space  between  the  ciliary  processes  and  the  lens.     The  increased 
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tension,  diminution  of  vision,  very  deep  anterior  chamber,  are 
the  symptoms  calling  attention  to  it. 

Dr.  Buller '  reports  three  cases  where  glaucoma  occurred 
after  extraction  of  cataract. 

In  the  first  case,  the  inner  angle  of  the  wound  contained  just  a 
small  portion  of  entangled  iris,  enough  to  show  a  small  dark  spot 
beneath  the  conjunctiva.  Sixt}T  days  after  the  extraction  the  eye 
was  quiet,  and  vision  f^,  with  rather  a  dense  capsule.  Discission 
was  performed  with  two  needles.  The  eye  secured  f #  vision  and  it 
was  freely  used  for  several  years.  Five  years  after  an  atrophic  ap- 
pearance of  the  optic  nerve,  just  as  in  ordinary  chronic  glaucoma, 
appeared,  with  increased  tension.  The  vision  soon  became  reduced 
to  -^jnr,  and  sclerotomy  was  performed  without  benefit.  The  eye  was 
lost.  Later  the  other  eye  was  operated  on,  and  a  good  result  fol- 
lowed. Dr.  Buller  thinks  that  the  small  portion  of  entangled  iris  in 
this  case  was  one  factor,  the  patient's  excessive  use  of  his  eyes  an- 
other, and  the  thick  capsule  the  third  in  producing  the  glaucoma. 
I  believe  that  the  patient  might  have  had  this  disease  without  any  of 
the  pathological  conditions,  if  he  used  his  eyes  excessively. 

In  Dr.  Buller's  second  case,  the  eye  wras  quiet  seventeen  days 
after  the  operation,  with  a  vision  of  gV  There  was  some  thick  and 
wrinkled  capsule  remaining.  A  capsulotomy  was  performed,  and 
repeated  a  year  after,  and  in  two  years,  or  four  years  and  three 
months  after  the  original  operation,  his  vision  was  reduced  to  per- 
ception of  light;  the  tension  was  +.  A  sclerotomy  was  performed, 
but  without  benefit,  and  the  eye  was  lost.  This  same  patient  lost  the 
second  eye  from  the  same  disease.  A  delicate-looking,  shining  cap- 
sule was  stretched  across  the  pupil,  but  without  the  adhesion  of  any 
iris.  He  was  advised  not  to  use  his  eyes,  but  he  did  so,  reading  the 
evening  papers  at  night,  and  glaucoma  occurred,  but  under  eserine 
it  disappeared. 

In  both  of  Dr.  Buller's  cases  the  observations  of  Mr.  Collins  are 
confirmed.  These  are  quoted  in  the  chapter  on  Cataract.  He  de- 
scribes this  condition  as  an  almost  constant  pathological  state,  that  is 
to  say,  the  occurrence  of  a  dense  capsule,  the  upper  portion  of  which 
evidently  rests  in  contact  with  the  corresponding  filtration  region. 
It  is,  however,  to  be  remarked  that  in  Dr.  Buller's  cases  excessive 
use  of  the  eyes  has  been  an  important  factor  in  the  development  of 
glaucoma.  We  can  hardly  warn  our  patients  sufficiently  against 
such  use  for  a  long  time  after  a  successful  operation. 

1  Transactions  of  the  American  Ophthalmological  Society,  1891. 
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I  have  seen  and  operated  upon  a  few  cases  of  cataract  in 
which  secondary  glaucoma  occurred. 

Extraction  of  the  lens  in  these  cases  proved  to  be  curative  of 
the  glaucoma,  as  well  as  of  the  cataract.  Two  of  them  have 
been  observed  for  several  years,  and  no  return  of  the  glaucoma 
has  occurred,  while  the  third  has  now  remained  for  a  year, 
without  reappearance  or  breaking  out  of  glaucoma. 

TREATMENT. 

It  may  be  truly  said  that  all  our  therapeutic  knowledge  of 
glaucoma  is  derived  from  the  clinical  investigations  of  A.  von 
Graefe,  which  finally  led  to  his  performance  of  an  iridectomy 
upon  a  Berlin  shoemaker,  who  lived  many  years  after  with  good 
eyesight,  as  a  living  monument  to  the  wisdom  and  skill  of  this 
illustrious  man.  What  Helmholtz  did  for  the  examination  of 
the  fundus  oculi,  and  Donders  for  the  correction  of  faulty  "re- 
fraction of  the  eye,  that  Graefe  did  in  his  clinical  and  patholo- 
gical researches  as  to  the  nature  of  glaucoma,  and  the  means 
for  its  relief.  After  the  lapse  of  nearly  forty  years,  iridectomy 
remains  our  best  resource  for  the  relief  of  acute  glaucoma,  and 
it  continues  to  afford  permanent  relief  to  a  large  percentage  of 
cases.  Every  ophthalmologist  in  his  own  experience,  knows  of 
many  cases  of  useful  and  even  eminent  people  rejoicing  in  vision, 
which  is  the  direct  result  of  Graefe 's  operation  of  iridectomy. 

In  acute  glaucoma,  or  in  subacute,  this  operation  should  be 
performed  without  an  hour's  delay.  The  incision  should  be 
made  more  peripheral  than  that  for  artificial  pupil,  so  as  to  di- 
vide the  iris  well  into  the  ciliary  border.  The  fellow-eye  should 
never  be  bandaged  after  the  operation  upon  the  glaucomatous 
one.  As  Arlt  demonstrated,  this  precaution  often  saves  the 
patient  from  an  attack  of  glaucoma  on  the  fellow-eye. 

Mr.  McHardy  brought  forward  the  subject  of  removal  of  the 
lens  in  its  capsule  for  the  cure  of  glaucoma,  and  performed  the 
operation  and  saved  an  eye. 

These  are  cases  in  which  iridectomy,  although  carefully  per- 
formed, has  failed  to  lower  the  tension,  and  consequently  to 
produce  a  curative  effect.  I  should  not  hesitate,  then,  in  these 
cases  of  pernicious  glaucoma,  to  go  on  and  remove  the  lens. 

Prognosis. — The  prognosis  is  good  after  this  operation  in 
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those  cases  in  which  acute  glaucoma  has  made  its  first  outbreak. 
If  the  attacks  have  been  frequent,  and  advanced  structural 
changes  have  occurred,  such  as  deep  cupping  of  the  optic  disc, 
great  anaesthesia  of  the  cornea,  this  much  cannot  be  said.  The 
tension,  although  temporarily  reduced  to  normal,  will  again  be- 
come increased,  and  the  disease  advance  to  glaucoma  absolutum. 
In  such  cases,  that  is  to  say,  cases  in  which  the  visual  field  is 
greatly  reduced,  and  the  excavation  of  the  optic  papilla  is  deep, 
and  the  tension  remains  increased,  removal  of  the  lens  offers 
some  prospect  of  permanent  arrest  of  the  morbid  process.  I  am 
led  to  this  view  from  the  few  but  striking  cases  of  glaucoma, 
coincident  with  senile  cataract,  in  which  I  have  had  perfect  re- 
lief after  the  operation  of  extraction  of  the  lens. 

In  chronic  glaucoma,  insidiously  and  steadily  advancing, 
iridectomy  offers  so  little,  that  I  am  always  willing  to  temporize 
with  the  instillation  of  eserine,  as  long  as  it  keeps  the  tension 
of  the  eyeball  to  a  normal  standard,  and  the  accommodation  and 
vision  are  not  failing.  Even  in  mild,  subacute  cases  of  glau- 
coma, the  instillation  of  eserine  may  subdue  an  attack  and 
postpone  an  iridectomy.  But  if  even  these  mild  attacks  con- 
tinue to  occur,  no  delay  should  be  had,  but  the  iris  should  be  ex- 
cised at  once. 

Sclerotomy,  an  incision  through  the  sclera,  somewhat  as  in  a 
section  for  cataract,  except  that  the  section  is  not  completed, 
a  bridge  of  tissue  being  left,  has  proven  a  failure  as  a  substitute 
for  iridectomy,  and  need  not  be  considered  by  the  surgeon  who 
has  to  deal  with  a  case  of  glaucoma  requiring  operation.  Re- 
peated paracentesis,  a  means  of  treatment  timidly  suggested 
by  Mackenzie,  and  revived  by  Sperino  (Italy,  nineteenth  cen- 
tury), need  not  be  seriously  considered.  Graefe's  operation  of 
iridectomy  remains  to-day  the  only  operation  for  glaucoma. 
The  manner  in  which  iridectomy  acts  in  promoting  a  cure,  still 
remains  a  mystery.  When  the  operation  was  first  suggested 
and  performed  in  New  York,  a  distinguished  general  surgeon 
remarked,  in  a  public  medical  lecture,  that  it  was  theoretically 
as  sensible  as  would  be  the  cutting  out  a  piece  of  the  perito- 
neum to  cure  peritonitis,  but  he  probably  had  not  studied  the 
nature  of  glaucoma  as  carefully  as  had  Graefe.  We  must, 
however,   admit  that  the  explanation  of  the  means  by  which 
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iridectomy  effected  a  cure  was  never  satisfactory  until  our  own 
time.  We  may  now  believe  that  it  is  chiefly  curative  because 
it  lessens  the  difficulty  of  filtration  from  the  eye,  and  the  dan- 
gers of  over-distention  of  the  ciliary  region.  It  increases  the 
iridic  angle,  and  it  unloads  the  blood-vessels  of  the  ciliary  body. 

In  many  instances  the  operation  reduces  the  tension  at  once 
and  permanently.  Some  have  thought  this  due  to  the  yielding 
cicatrix  which  results  from  the  operation.  Certain  it  is,  that 
this  is  one  of  the  results  attained.  In  the  membrana  tympani 
is  a  triangular  spot  of  tissue,  Shrapnell's  membrane,  which 
serves  the  good  physiological  purpose,  by  its  greater  yielding 
capacity,  of  often  saving  the  drumhead  from  undue  distention 
and  subsequent  rupture.  It  is  possible,  as  Stellwag  suggests, 
that  this  is  the  curative  action  of  a  well-placed  peripheric  iridec- 
tomy. Argyll  Robertson  (Edinburgh)  recommends  trephining 
the  cornea,  in  cases  such  as  I  advocate  the  extraction  of  the 
lens. 

Horner's  statistics  of  the  results  of  iridectomy  show,  what 
every  careful  observer  has  experienced,  that  it  is  a  much  more 
successful  operation  in  acute  than  in  chronic  glaucoma.  12.5 
per  cent  of  cases  of  congestive  or  inflammatory  glaucoma  are 
improved,  11.5  per  cent  remain  the  same.  10  per  cent  retain 
some  vision,  while  only  6  per  cent  ultimately  lose  their  sight. 
Of  simple  glaucoma,  only  22.32  percent  are  improved,  37  remain 
the  same  as  before  the  operation,  23  recover  some  vision,  while 
17.7  per  cent  lose  their  sight  in  spite  of  the  operation.  In 
hemorrhagic  glaucoma,  or,  more  properly,  glaucoma  superven- 
ing upon  hemorrhagic  retinitis,  iridectomy  may  temporarily 
arrest  the  process,  but  usually  only  in  this  way.  But  in  these 
cases,  the  glaucoma  is  secondary  to  the  retinitis,  just  as  much 
as  it  may  be  in  keratitis,  and  phakitis,  or  certain  forms  of  irido- 
choroiditis.  Iridectomy  in  secondary  glaucoma  in  the  course  of 
keratitis,  or  swelling  of  the  lens,  usually  offers  a  sure  means 
of  relief.  In  secondary  glaucoma  occurring  from  old  recurring 
irido-choroiditis,  iridectomy  usually  offers  very  little.  In 
studying  such  cases,  we  get  a  good  clinical  idea  of  the  essential 
difference  between  irido  choroiditis  and  glaucoma.  The  former 
is  an  exudative  inflammation,  gluing,  as  it  were,  many  of  the 
parts  of  the  eye  together,  the  iris  to  the  capsule  of  the  lens, 
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for  example,  while  the  latter  is  essentially  a  swelling  of  the 
ciliary  parts  of  the  eye. 

Eserine. — The  use  of  eserine  in  glaucoma,  is  possibly  unduly 
extolled  in  some  quarters,  and  too  much  depreciated  in  others. 
It  remains,  I  believe,  an  efficient  means  of  continuing  the  visual 
power  in  many  cases,  until  the  disease  may  cease  to  advance. 
Unfortunately,  this  is  not  always  the  case,  and  inasmuch  as  the 
prolonged  use  of  eserine,  has  the  effect  of  inflaming  the  tissue 
of  the  iris,  the  surgeon  should  be  careful  how  he  puts  it  in  the 
patient's  hands,  to  be  used  without  frequent  recourse  to  him,  to 
see  whether  or  not  its  usefulness  be  not  gone  and  an  operation 
necessary.  I  have  observed  in  operating  upon  cases  in  which 
eserine  has  been  used  for  a  considerable  time,  even  at  intervals, 
that  the  iris  tissue  has  become  very  atrophied  and  rotten,  and 
possibly  this  was  the  result  of  the  eserine,  knowing,  as  we  do, 
that  it  may  and  does  excite  iritis.  Were  the  effects  of  an  opera- 
tion in  chronic  glaucoma  more  positive  or  certain,  we  might 
forego  the  use  of  eserine  altogether.  Although  it  will  not 
usually  permanently  arrest  glaucoma,  it  is  very  serviceable  in 
many  cases,  with  the  qualifications  suggested  above. 

A  solution  of  one  grain  to  the  ounce  is  usually  as  strong  as 
should  be  used.  Much  weaker  ones  are  often  of  service.  The 
preparation  becomes  inert  after  a  few  weeks.  It  should,  there- 
fore, be  frequently  renewed,  and  kept  in  a  dark  place.  It  should 
be  applied  every  three  hours,  or  even  oftener  in  urgent  cases. 
If,  for  any  special  reason,  iridectomy  must  be  deferred,  paracen- 
tesis of  the  cornea  may  be  performed  until  the  arrangements 
can  be  made  for  the  performance  of  the  major  operation. 

Glaucomatous  eyes  are  usually  hyperopic  in  refraction,  al- 
though in  a  certain  small  proportion  the  refraction  is  myopic. 
Astigmatism  is  very  likely  to  exist,  whether  coincidentally  or  in 
a  causal  way,  I  am  not  able  to  determine,  but  I  lean  strongly  to 
the  opinion  that  uncorrected  astigmatism  may  have  something 
to  do  with  the  causation  of  glaucoma. 

Glaucoma  is  a  disease  which  is  likely  to  give  good  warning 
of  the  approach  of  an  attack  of  the  acute  form.  It  is  in  itself  a 
suspicious  circumstance  when  a  middle-aged  or  aged  person, 
especially  one  with  a  gouty  or  rheumatic  diathesis,  suffers  from 
rapidly  advancing  presbyopia  or  failure  of  accommodation,  sud- 
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denly  occurring.  If,  added  to  this,  there  are  periodic  obscura- 
tions of  vision,  and  halos  around  lights,  we  may  know  that  we 
have  the  threatenings,  the  prodromata,  of  acute  glaucoma. 
The  vision  appears  misty  to  some  patients,  and  on  looking  at  a 
point  or  object  of  light,  like  a  gas-jet  or  a  lamp-flame,  it  is  seen 
surrounded  by  a  colorless  circle,  which  is  in  its  turn  encircled 
by  a  colored  halo. 

Such  attacks  may  occur  after  great  mental  or  physical 
fatigue,  at  greater  or  less  intervals.  Patients  with  chronic 
glaucoma,  who  suffer  from  acute  attacks,  know  also  when  the 
eyeball  is  hard,  as  they  sometimes  say  they  feel  it  hardening, 
and  thus  know  when  to  use  eserine. 

Donders  showed  that  the  halos  seen  by  glaucomatous  pa- 
tients, are  due  to  the  diffraction  of  the  rays  of  light  passing  into 
the  eye,  and  that  this  diffraction  is  caused  chiefly  by  the  opaci- 
ties of  the  cornea.  He  proved  this  by  covering  the  lower  half 
of  the  pupil,  when  he  found  that  the  outer  and  upper  and  lower 
and  inner  quadrants  of  the  halo  disappeared,  while  on  covering 
the  other  half,  the  other  quadrants  disappear.  It  is  to  be  re- 
marked that  halos  around  lights,  may  appear  in  certain  cases  of 
conjunctivitis  from  the  diffraction  of  conjunctival  secretion 
lying  upon  the  cornea.  On  clearing  such  eyes,  the  halos  will 
of  course  disappear.  The  obscurations  of  vision  depend  upon 
the  opacities  of  the  cornea,  combined  with  changes  in  the  aque- 
ous humor. 

The  following  case  illustrates  the  value  of  eserine  in  glau- 
coma, as  well  as  some  of  the  innumerable  phases  of  the  disease, 
and  also  indicates  the  fact  that  heredity  plays  a  considerable 
part : 

Captain  J.  C.  X.  consulted  me  on  January  11th,  18S8.  He  was 
sent  by  Dr.  Shufeldt.  He  was  then  forty-three  }~ears  of  age.  He 
said  that  at  the  age  of  thirty-three  years  he  noticed  that  there  was  a 
haze  and  colored  rings  around  the  light  at  times.  Lately  these 
symptoms  have  been  pretty  regular  in  appearance, — once  in  two 
months.  He  is  a  sailor,  occupied  on  Lake  Ontario.  His  mother 
had  glaucoma  and  was  operated  on.  His  father  was  very  hyperopic, 
as  was  his  mother.  His  eves  pain  and  blur  after  continued  use,  but 
he  soon  gets  better.  Although  only  forty-three  years  of  age,  he  has 
a  large  arcus  senilis  in  each  eye.     He  has  opacities  on  each  cornea. 
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His  vision,  with  correcting  glasses,  is  f£  with  each  eye,  and  he  can 
read  No.  1  Jaeger  fluently.  At  this  moment  his  visual  fields  are 
normal,  but  he  is  no  more  free  pf  glaucoma,  for,  in  addition  to  the 
other  symptoms,  his  eyeballs  get  hard  at  certain  times.  He  was 
obliged  to  leave  his  occupation  on  the  lake,  of  sailing  vessels,  in 
1892,  and  is  now  a  commercial  traveller.  On  the  23d  of  April,  1892, 
having  had  no  treatment,  his  vision  in  the  right  eye  is  f  °-,  left  f #, 
tension  normal.  He  can  read  fine  type  without  glasses.  Eighteen 
months  afterward,  on  November  10th,  1893,  he  came  to  my  office, 
saying  he  had  had  attacks  of  late  in  his  left  eye.  The  vision  in  that 
eye  was  reduced  to  y3^-,  and  the  eyeball  was  hard.  The  left  eye  re- 
mained -§-£+.  I  ordered  him  to  use  a  drop  of  1  gr.  solution  of  eserine. 
He  went  to  the  apothecary's  to  get  it,  and  before  it  was  put  in  his 
eye,  about  half  an  hour  from  the  time  of  ni3r  prescribing  it,  he  says 
his  symptoms  had  vanished.  At  any  rate,  the  next  morning  his 
vision  was  f^+5  and  the  tension  normal.  While  my  associate,  Dr. 
Emerson,  was  examining  the  field  of  vision  a  few  minutes  after,  the 
right  eye  began  to  get  hard. 

This  is  a  case  which  must,  of  course,  be  kept  under  the  closest 
observation,  but  I  shall  not  subject  him  to  an  operation,  until  the 
symptoms  persist  for  twenty-four  hours,  in  spite  of  the  use  of  eserine, 
so  doubtful  am  I,  that  it  is  of  permanent  service  in  chronic  glaucoma. 

The  varying  type  of  glaucoma  is  well  shown  by  such  cases, 
and  yet  if  the  observer  keep  in  mind  increase  of  the  intra-ocular 
tension,  as  the  one  S}-mptom  that  distinguishes  glaucoma  from 
any  other  disease,  he  can  make  no  mistake  that  will  prevent  him 
from  promptly  recognizing  the  condition  with  which  he  has  to 
deal. 
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.  DISEASES   AND   INJURIES   OF     THE    CRYSTALLINE 
LENS— CATARACT. 

(Kara,  downward  ;  paaaeiv,  to  push.) 
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Definition. — Cataract  is  any  opacity  of  the  crystalline  lens 
or  its  capsule. 

The  name  is  evidently  derived  from  the  old  idea  of  a  veil,  or 
other  obstruction  to  light,  falling  down  or  being  pushed  down 
in  front  of  the  eye.  Although  it  contains  no  definition  of  the 
pathology  of  opacities  of  the  lens,  nor  an  accurate  account  of 
the  nature  of  the  disease,  it  is  probably  impossible  to  substitute 
another  for  it,  so  firmly  it  is  fixed  in  the  nomenclature  of  medi- 
cine. Cataract  is  caused  by  some  interference  with  the  nutri- 
tion of  the  lens,  which,  as  we  have  seen,  is  nourished  solely  by 
drinking  in  nutriment  from  the  uveal  tract,  and  from  the  aqueous 
and  vitreous  humors,  having  no  blood -supply  of  its  own.  Cata- 
ract is  really  an  inflammation  of  the  lens  (phakitis).     When 
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mechanical  injury  has  produced  cataract,  or,  rather,  is  produc- 
ing the  disease,  we  may  distinctly  note  the  swelling  that  charac- 
terizes a  true  inflammatory  process.  A  separation  of  the  tissue 
of  the  lens,  and  entrance  into  it  of  the  aqueous  fluid,  is  caused 
by  the  traumatism.  The  process  is  then  more  active  and  rapid 
than  that  which  produces  ordinary  senile  cataract,  but  it  is  es- 
sentially of  the  same  kind.  This  view  coincides  with  the  most 
accurate  studies  we  have  of  its  nature,  those  of  Becker  (Heidel- 
berg, 1880).  This  author  considers  the  origin  of  cataract  to 
be  an  interruption  of  the  process  of  sclerosis  constantly  going  on 
in  the  lens.  This  results  in  a  splitting  up  of  the  cortical  sub- 
stance. This  splitting  up  is  caused  by  a  contraction  of  the  vol- 
ume of  the  lens.  The  spaces  left  are  first  filled  by  normal  fluid. 
The  index  of  refraction  of  this  changes.  The  divisions  then  be- 
come more  distinctly  seen  by  transmitted  light.  Eeal  opacities 
now  occur,  the  lens  increases  in  size,  and  with  the  microscope 
molecular  opacities  and  swelling  of  the  fibres  are  seen.  But, 
as  remarked  by  Hasket  Derby, '  this  description  of  what  occurs 
tells  very  little  of  the  cause  of  these  opacities.  It,  however,  ex- 
plains the  nature  of  the  process. 

The  name  cataract  came  from  the  incorrect  idea  that  the 
opacity  was  not  in  the  lens  itself,  but  in  front  of  it.  When  a 
French  military  surgeon,  Brisseau,  in  the  year  1705,  had  found 
by  an  examination,  on  the  cadaver,  of  a  cataractous  lens,  where 
the  opacity  really  was,  he  reported  his  discovery  to  the  French 
Academy,  but  he  was  not  believed,  and  the  writings  of  Galen 
were  adduced  as  proof  that  Brisseau  was  wrong.  Three .  years 
later,  the  Academy  discovered  its  mistake,  and  the  true  nature 
of  cataract  was  widely  proclaimed  and  recognized.2 

Cataract  in  one  of  its  most  common  forms  is  a  disease  of 
advancing  years.  It  indicates  a  loss  of  general  nutrition.  Yet 
it  may  occur  at  any  age,  and  it  is  also,  in  many  instances,  a 
congenital  disease.  The  cataract  of  middle  life  is  sometimes 
associated  with  diabetes,  and  in  a  causal  way.  While  we  may 
have  other  constitutional  affections  in  coincidence  with  cataract, 
such  as  Bright's  disease,  they  seem  to  be  only  coincidental,  and 
not,  like  diabetes,  causal.     Cataract  is  sometimes  said  to  be  more 

1  "Ref.  Handbook  of  the  Medical  Sciences,"  vol.  i.,  article  Cataract,  p.  792. 
2Fuchs,  "Lehrbuch,"  p.  428. 
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common  among  the  peasantry  of  France  and  Germany,  than  it  is 
with  us,  the  people,  of  these  countries,  for  various  reasons,  not 
living  as  well  as  the  same  class  in  the  United  States  and  England, 
that  is,  they  do  not  eat  as  much  meat.  This  view  is  taken,  be- 
cause cataract  appears  much  more  frequently  in  the  foreign 
clinics  than  in  America.  But  it  is  possible  that  the  operation  for 
cataract  is  more  commonly  resorted  to  by  the  poorer  classes  of 
Europe  than  with  us,  since  there  is  a  capable  surgeon  in  every 
town  of  any  importance,  and  an  eye  clinic,  which  is  very  well 
known,  from  having  been  long  established.  I  do  not  regard  it 
as  at  all  certain  that  this  view  is  correct.  It  is  not  uncommon 
to  find  in  isolated  communities  of  our  country,  cataract  that  has 
never  even  been  diagnosticated. 

DIFFERENT  FORMS  OF   CATARACT. 

Cataract  may  be  classified  in  various  ways.  For  example, 
we  may  make  a  classification  of  (1)  congenital,  (2)  senile,  and 
(3)  traumatic.  This  is  entirely  correct  as  far  as  it  goes.  But 
we  need  also  sub-classification  in  order  that  a  clear  idea  may  be 
obtained  of  the  nature  of  the  affection  in  general.  Congenital 
cataract  may  be  further  divided  into: 

1.  Zonular. 

2.  Punctated. 

3.  Anterior  and  posterior  polar. 

4.  Total. 

Senile  cataract  may  be  classified  as  incipient,  mature,  and 
over-ripe  (Morgagnian).  An  additional  classification  may  be 
made  of  capsular  cataract.  This  may  include  opacities,  chiefly 
in  the  capsule,  which  may  remain  without  advancing,  through 
a  long  life.  Some  of  the  so-called  capsular  cataracts  are 
due  to  changes  in  the  cortex  of  the  lens,  and  not  to  opacities 
in  the  capsule  itself.  There  is  also  an  opacity  of  the  lens 
due  to  a  deposit  of  lymph  on  the  anterior  capsule.  This  re- 
sults in  some  cases  of  iritis  and  keratitis.  In  the  latter  case, 
there  is  a  perforation  of  the  cornea,  and  the  opacity  from 
the  deposit  occurs  when  this  is  present,  although  the  cornea 
may  afterward  heal,  and  only  the  central,  chalky-looking 
opacity   of    the    capsule,    remain.     This    form    is   also   known 
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as  inflammatory  cataract.  The  superficial  lens  matter  just 
beneath  the  capsule  may  become  opaque,  while  the  capsule  re- 
mains transparent.  This  is  called  anterior  central  capsular 
cataract.  If  the  opacity  project  beyond  the  normal  plane  of  the 
capsule,  it  is  called  pyramidal  cataract.  After  these  general 
remarks  upon  classification  and  the  nature  of  the  various  forms 
of  cataract,  it  will  be  convenient  to  study  the  different  varieties 
under  the  first  heading  of  congenital  and  senile,  following  this 
by  an  account  of  traumatic  cataract. 

CONGENITAL    CATARACT. 

Children  are  sometimes  born  with  an  opacity  of  the  lens.  As 
will  be  seen,  it  may  be  circumscribed  or  diffuse,  laminated,  cap- 
sular, or  inflammatory.  It  may  occur  as  a  small  deposit  upon  the 
capsule  or  as  complete  or  laminated  opacities  of  the  fibres.  In  the 
polar  cataracts,  which  do  not  advance,  there  is  generally  nothing  to 
be  done  but  to  fit  these  patients,  who  are  usually  astigmatic,  highly 
hypermetropic  or  myopic,  with  appropriate  glasses,  and  watch  the 
patient  from  year  to  year.  If  the  opacity  advances,  so  that  the  pa- 
tient cannot  get  good  vision,  an  iridectomy  should  be  performed,  or  if 
the  opacity  become  general,  the  lens  should  be  removed.  I  have  ob- 
served one  case  of  polar  cataract  for  fourteen  years.  The  patient  is 
now  a  young  farmer  of  twenty-two.  He  has  a  perfectly  circular 
spot  on  the  posterior  capsule,  which  has  not  changed  in  appearance 
since  he  was  eight  years  of  age.  After  many  trials,  through  various 
years,  he  has  for  the  past  year  worn  concave  cylindric  glasses  that 
give  him  vision  of  f-g-  in  each  eye. 

The  opacity  of  posterior  polar  cataract,  may  be  due  to  the  ab- 
normally long  presence  of  the  obliterated  hyaline  artery.  But 
it  is  only  the  circumscribed,  capsular,  or  cortical  opacities,  that 
stand  still  in  this  way,  and  do  not  seriously  impair  the  vision. 
Congenital  diffuse  cataract  usually  advances  quite  rapidly. 
Sometimes  at  birth  the  opacity  involves  all  the  layers  of  the 
lens,  and  requires  early  interference.  Usually,  however,  it  ad- 
vances during  the  early  years  of  life  and  becomes  fit  for  removal 
at  from  four  to  five  to  ten  years  of  age.  Yet,  in  many  instances, 
congenital  cataracts  first  come  to  the  surgeon  for  removal  when 
the  patients  are -in  adult  life. 
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At  this  writing  I  have  under  observation  a  young  married  woman 
of  about  twenty-four  years  of  age,  in  whom  congenital  cataracts  have 
very  recently  become  entirely  opaque.  After  three  operations  on  one 
eye  and  two  on  the  other,  she  has  vision  ■§-$•  in  the  one  and  f$  in  the 
other.  She  was  treated  at  the  Manhattan  Eye  and  Ear  Hospital, 
one  eye  being  operated  upon  by  my  associate,  Dr.  Frank  N.  Lewis, 
and  the  other  by  myself. 

Among  the  other  consequences  of  circumscribed  opacities  of 
the  lens,  may  be  double  vision  of  one  eye  or  even  triple  or  quad- 
ruple vision,  objects  being  manifolded  according  to  the  number 
of  opacities.  I  am  just  now  seeing  a  patient  who  lost  the  left 
eye  in  youth,  who  has  myopic  astigmatism  in  the  right,  accom- 
panied by  circumscribed  opacities  apparently  in  the  posterior 
capsule  of  the  lens  and  in  the  vitreous.  He  is  troubled  with 
polyopia  in  looking  at  distant  objects,  such  as  the  moon,  stars, 
and  bright  point  of  light,  or  the  light. 

Zonular  cataract  occurring  in  infancy  or  before  birth  is  one 
of  the  common  forms  of  so-called  congenital  cataract.  A  cen- 
tral circular  zone  or  shell  of  the  lens  is  affected.  This  zone  is 
surrounded  by  completely  transparent  lens  substance.  With 
the  ophthalmoscopic  mirror  or  by  oblique  illumination,  it  may 
resemble  an  opaque  nucleus  of  the  lens,  but  close  examination 
will  show  its  nucleus  to  be  transparent.  Its  diameter  varies 
between  five  and  eight  millimetres.  This  opaque  layer  may  be 
surrounded  by  another,  equally  opaque.  Zonular  cataract  oc- 
curs always  in  both  eyes.  It  is  most  frequent  in  rachitic  sub- 
jects, and  in  those  who  have  suffered  from  convulsions  in  in- 
fanc}'.  Sometimes  the  disease  of  the  lens  is  less  at  birth  than 
subsequently.  It  may  exist  at  birth  and  be  overlooked.  The 
subjects  of  it  shade  their  eyes  to  get  the  advantage  of  a  dilated 
pupil,  go  into  dark  places  to  thread  a  needle,  and  so  forth. '  An 
iridectomy  is  a  better  operation  for  these  zonular  cataracts  than 
an  operation  to  promote  absorption.  The  iridectomy  gives  a 
good  pupil,  since  the  margin  of  the  lens  is  clear,  and  we  avoid 
the  danger  of  severe  swelling  of  the  lens  after  a  needling  opera- 
tion.    It  should  always  be  remembered  by  the  operator  that  a 

1  Derby,  loc.  cit. 
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very  slight  interference  with  the  lens  may  produce  a  very  sud- 
den phakitis,  and  he  who  is  not  prepared  for  it,  may  lose  the 
eye  before  he  is  ready  to  remove  the  lens. 

Anterior  Polar  Cataract. — This  is  seen  as  a  minute,  round 
white  point,  of  a  diameter  of  from  two  to  two  and  five-tenths 
millimetres.  A  minute  corneal  opacity  sometimes  accompanies 
it.  This  indicates,  as  shown  by  Arlt,  an  intrauterine  ulcer  of 
the  cornea,  followed  by  perforation.  The  aqueous  humor  es- 
capes, the  lens  falls  forward,  and  the  corneal  exudation  adheres 
to  the  anterior  capsule.  On  the  healing  of  the  ulcer,  and  the 
re-establishment  of  the  anterior  chamber,  the  lens  goes  back  to 
its  normal  position,  but  retains  the  opacity. 

Total  Congenital  Cataract. — This  is  divided  into  two  forms. 
In  the  first,  the  lens  matter  is  greatly  shrivelled,  while  the 
capsule  is  thickened.  The  more  common  variety  is  a  general 
opacity,  which  is  soft.  It  is  soft  because  it  occurs  in  a  lens 
without  a  nucleus.  The  nucleus  of  the  lens  is  rarely  fixed  before 
the  thirtieth  year.  There  is  a  general  grayish  opacity  of  the 
lens,  which  readily  swells,  and  pushes  the  iris  forward.  This 
form  of  cataract  develops  very  rapidly.  Such  a  cataract  is  to 
be  removed  by  linear  extraction  or  suction.  It  occurs  also  in 
persons  of  middle  life,  and  then  is  apt  to  occur  in  both  eyes,  and 
to  be  associated  with  diabetes. 

SECONDARY  CATARACT. 

By  this  form  is  understood  opacities  of  the  lens  occurring 
after  detachment  of  the  retina,  in  absolute  glaucoma,  and  more 
rarely  in  retinitis  pigmentosa.  In  detachment  of  the  retina  and 
in  glaucoma,  the  cataract  is  usually  monocular  on  its  first  ap- 
pearance, simply  because  double  detachments  and  double  abso- 
lute glaucoma,  of  simultaneous  origin,  are  rarely  met  with. 
The  cataract  of  retinitis  pigmentosa  is  more  likely  to  be  binocu- 
lar. Total  opacity  does  not  occur,  but  the  opacity  begins  at  the 
posterior  pole  of  the  lens  and  radiates.  The  opacities  occurring 
after  detachment  of  the  retina  and  absolute  glaucoma  are  usu- 
ally total  at  a  very  early  period,  but  they  advance,  as  a  rule, 
without  very  marked  swelling  of  the  lens. 
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CAPSULAR  CATARACT. 


Except  as  heretofore  described  in  anterior  and  posterior  polar 
cataract,  capsular  cataract  is  a  rare  affection.  In  many  cases 
of  hypermetropia  and  hyperopic  astigmatism,  small  black  spots 
are  seen  on  the  anterior  capsule  which  remain  for  years  without 
changing.  It  is  not  entirely  certain  that  they  may  not  become 
detached,  especially  when  they  occur  on  the  posterior  capsule, 
and  give  trouble  as  a  floating  body  in  the  vitreous.  Capsular 
opacities  also  occur  in  the  process  of  over-ripening  of  senile  cata- 
racts. They  seldom  occur  as  independent  affections,  such  as 
have  been  already  described. 

Before  the  days  of  the  ophthalmoscope,  when  a  thoroughly 
exact  examination  was  not  possible,  even  with  the  strongest 
oblique  illumination  and  magnifying  glass,  capsular  cataract 
had  more  importance  than  it  now  assumes,  when  it  is  found  to 
be  generally  associated  with  opacities  of  the  lens  structure. 

SENILE  CATARACT. 

This  is  also  denominated  hard  cataract,  but  all  senile  cata- 
racts are  hard  until  they  are  over- ripe.  It  is  this  form  that  at- 
tracts most  surgical  attention.  It  is  that  for  which  operations 
are  most  often  performed.  Great  masses  of  statistics,  from 
surgeons  all  over  the  world,  have  been  published,  especially  in 
the  last  twenty-five  years,  on  senile  cataract.  Many  different 
operations  and  modification  of  operations  have  been  suggested 
and  performed  for  this  condition.  From  the  delicacy  and  diffi- 
culty of  the  performance  of  these  operations,  and  from  the  bril- 
liant and  gratifying  result  of  a  successful  removal  of  the  lens, 
it  being  actually  a  giving  of  sight  to  the  blind,  the  subject  has 
assumed  almost  an  exaggerated  importance.  Some  surgeons 
seem  to  consider  it  of  more  consequence  to  give  a  few  years 
more  sight  to  a  poor  old  man  or  woman,  who  have  never  had 
very  important  work  in  life,  and  from  whom  little  can  be  ex- 
pected in  any  case,  than  to  rescue  the  eyes  of  a  young  man  or 
young  woman,  who  is  affected  with  purulent  ophthalmia,  and 
who  is  in  danger  of  being  blind  and  becoming  a  tax  upon  the 
state  during  a  possibly  long  life. 
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The  name,  black  cataract,  has  been  given  a  sub -variety  of 
senile  cataract,  when  the  lens  is  of  a  very  dark  color. 

Membranous  cataracts  are  opacities  of  the  capsule,  together 
with  neoplastic  tissue  in  the  pupil,  after  the  lens  has  been  re- 
moved.    They  are  also  known  as  membranes  in  the  pupil. 

Diagnosis.  — The  diagnosis  of  cataract  in  any  of  its  varieties, 
by  means  of  the  ophthalmoscope,  is  not  at  all  a  difficult  matter. 
Yet  peripheric  opacities  in  old  persons  with  sluggish  pupils  or 
punctate  opacities  in  young  persons  may  be  overlooked  unless  a 
mydriatic  (cocaine  preferably)  is  used  to  secure  full  dilatation 
of  the  pupil.  It  should  be  the  aim  of  the  surgeon  always  to 
make  an  exact  diagnosis  of  the  condition  of  the  lens,  especially 
in  persons  with  asthenopia,  or  amblyopia,  who  are  in  middle  or 
advanced  life,  but  it  is  not  always  necessary  or  proper  to  give 
the  full  diagnosis  to  the  patient,  for  there  are  many  cases  of 
opacities  of  the  lens  which  remain  isolated,  and  with  little  harm 
to  the  sharpness  of  vision,  for  years.  It  is  interesting  to  note 
that  opacities  of  the  lens  impair  the  vision  very  differently  in 
different  persons,  under,  apparently,  the  same  circumstances. 
For  example,  one  patient,  where  the  opacities  seem  to  be  quite 
extensive,  will  have  a  vision  of  f$,  while  another  under,  as  far 
as  the  ophthalmoscope  shows,  the  same  conditions,  will  only  see 
y2^.  It  is  possible  in  these  instances  that  the  varying  degree  of 
vision  does  not  depend  solely  on  the  opacities  of  the  lens.  I 
know  a  lady  of  ninety-four  years  of  age,  who  has  had  partial 
opacity  of  her  lenses  for  at  least  fourteen  years,  and  who  is 
still  able  to  read  moderately  fine  type,  with  ease. 

The  alarm  created  in  the  minds  of  many  persons,  by  the  an- 
nouncement of  the  fact  that  they  have  cataract,  is  sometimes 
excessive,  and  leads  to  profound  mental  depression. 

The  various  forms  of  lenticular  cataract  in  middle-aged  per- 
sons or  adults  present  a  very  different  picture  in  different  cases. 
In  some  instances  there  are  a  few  striae  arranged  very  often  in 
a  pyramidal  shape  at  the  extreme  periphery,  and  only  seen 
under  full  dilatation.  In  others  there  is  a  general  star-like 
striation  with  marked  opaque  nucleus  in  the  centre.  In  others 
again,  there  are  circular  spots  here  and  there,  looking  as  if  a  bit 
of  pigment  had  adhered  to  the  capsule  from  the  iris.  Anterior 
and  posterior  polar  cataracts,  appear  as  roundish  or  perfectly 
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circular  films  in  the  centre  of  the  lens.  A  characteristic  ap- 
pearance of  very  slowly  advancing  congenital  cataracts,  is  a  cen- 
tral axle-like  opacity  and  spokes  radiating  as  regularly  as  in  a 
carriage-wheel.  In  each  developed  nuclear  cataract,  there  is  a 
general  opacity  consisting  of  a  yellowish  nucleus,  surrounded 
by  grayish  cortex.  This  again  is  modified  in  some  subjects  by 
a  general  white  appearance,  with  a  massing  of  the  cortical  ma- 
terial in  one  or  more  points.  Some  old  subjects  exhibit  a  gen- 
eral bluish  opacity  in  their  lenses,  through  which  the  reddish 
glimmer  of  the  choroidal  vessels  may  be  seen  with  the  ophthal- 
moscope. The  observer  who  has  not  seen  many  cases  of  cata- 
ract should  be  on  his  guard,  lest  he.pronounce  the  haziness  often 
seen  by  ordinary  daylight  in  the  pupils  of  old  persons,  to  be 
cataract.  Such  a  want  of  complete  transparency  is  only  a 
senile  change,  which  disappears  on  observation  with  artificial 
light.  The  most  inexperienced  observer,  however,  who  has 
any  knowledge  of  the  anatomy  of  the  eye,  will  have  no  diffi- 
culty in  deciding  as  to  the  existence  of  cataract  in  a  pro- 
nounced case,  when  a  dense  white  opacity  is  seen  to  fill  the 
entire  pupil. 

The  opacity  of  the  lens  that  follows  chronic  glaucoma,  has 
already  been  described.  This  is  only  the  last  step  in  the  prog- 
ress to  the  final  condition  of  hopeless  loss  of  sight,  yet  such 
patients  have  been  sent  thousands  of  miles  to  be  operated  upon 
for  cataract,  because  those  who  sent  them  did  not  know  how  to 
make  an  examination  that  will  differentiate  curable  from  in- 
curable opacity  of  the  lens.  Even  those  without  special  experience 
need  never  make  this  mistake  if  the  following  test  be  applied.  It 
is  to  be  remembered  that  if  cataract  be  the  only  disease  present 
in  the  eye,  the  perception  of  light  remains  good  in  all  parts  of 
the  visual  field.  In  any  case  of  complete  cataract,  the  field 
should  be  carefully  tested  with  a  candle  (see  page  106).  No 
patient  with  cataract  is  fit  for  operation  unless  the  light  is  dis- 
tinctly perceived  by  him  in  some  part  of  the  visual  field.  If  the 
perception  be  sharp,  and  the  field  be  uninterrupted,  the  prog- 
nosis is  good.  But  if  no  perception  exist,  the  prognosis  is  hope- 
lessly bad.  It  is  good  in  proportion  as  the  field  is  perfect,  as 
above  indicated.  There  may  be  conditions,  however,  such  as 
circumscribed    choroiditis,    partial    detachment   of    the    retina, 
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when  the  field  is  not  perfect,  and  in  which  an  operation  is  justi- 
fiable, and  is  even  to  be  advised. 

Congenital  cataract,  or  cataract  that  matures  in  childhood, 
may  cause  loss  of  functional  power  of  the  retina,  or  improper 
action  of  the  external  muscles,  nystagmus  and  strabismus.  In 
adults  with  senile  cataract,  after  one  eye  has  been  successfully 
operated  upon,  and  the  other  partially  so,  but  not  with  a  result 
sufficient  for  binocular  single  vision,  converging  strabismus  of 
the  eye  not  used  is  sometimes  seen.  I  have  been  obliged,  in 
some  cases  of  congenital  cataract  operated  upon  in  young  chil- 
dren, to  teach  them  to  see.  Cheselden's  and  Ware's1  observa- 
tions upon  this  subject  still  form  interesting  reading.  The 
nystagmus  of  congenital  cataract  occurs  especially  in  those  cases 
where  there  is  sight  enough  to  enable  the  patient  to  grope  about 
alone.  It  is  somewhat  relieved  immediately  after  a  successful 
operation,  so  that  fixation  becomes  more  exact.  Whether  it 
may  become  entirely  relieved  in  the  lapse  of  years,  I  do  not 
know,  but  I  believe  it  may  be.  The  importance  of  an  early  op- 
eration is  made  more  marked  by  the  fact  of  the  occurrence  of 
nystagmus  as  a  result  of  the  great  impairment  of  sight.  The 
subjective  symptoms  of  cataract  have  been  necessarily  and  prop- 
erly left  very  much  out  of  consideration,  since  the  diagnosis  can 
be  so  positively  made  by  the  ophthalmoscope.  With  the  older 
writers,  this  was  not  so,  as  they  only  had  the  catoptric  test, 
that  is,  the  appearance  of  the  image  of  a  candle-flame  upon  the 
lens,  and  oblique  illumination,  to  determine  the  existence  of  a 
cataract.  To  the  patient,  these  symptoms  are,  in  many  in- 
stances, exceedingly  trying,  and  it  is  very  well  if  the  surgeon  is 
acquainted  with  them,  so  that  he  can  dissipate  some  of  the 
anxieties,  and  alleviate  possibly  a  little  of  the  distress,  which  a 
patient  with  beginning  cataract  may  experience.  When  one 
'  eye  is  perfectly  sound  and  the  other  is  completely  covered,  the 
patient  experiences  very  little  that  is  unpleasant  in  his  sight, 
except  those  difficulties  which  he  soon  overcomes,  arising  from 
the  absence  of  binocular  vision.  For  example,  such  a  patient 
cannot  estimate  distance,  does  not  enjoy  a  stereoscope,  but  he 
soon  accustoms  himself  to  this  deprivation,  and  it  is  not  a  seri- 
ous one.  I  have  now  under  observation  an  aged  jurist,  of 
1  Transactions  Royal  Society  of  London. 
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eighty-six,  who  has  had  a  cataract  of  one  eye  for  years,  and  no 
opacity  of  the  lens  of  the  other  eye  up  to  this  time,  who  finds 
himself  perfectly  comfortable  with  his  one  eye.  Some  of  the  un- 
pleasant sensations  to  which  I  have  alluded,  however,  are  the 
appearance  of  floating  bodies  in  the  air  and  atmospheree,  the 
obscuration  of  sight  in  a  glare,  and  the  disturbance  to  the  sound 
eye  by  the  one  which  is  very  considerably  affected. 

Patients  with  cataract  not  quite  enough  advanced  for  an  op- 
eration, sometimes  can  have  their  difficulties  alleviated  by  the 
use  of  a  mydriatic,  so  that  the  pupil  may  be  large  enough,  even 
in  a  very  bright  place,  to  admit  of  tolerably  distinct  vision. 
This  use  of  a  mydriatic,  by  preference  a  weak  solution  of  the 
sulphate  of  atropia  or  of  the  hydrobromate  of  scopolamine,  is 
especially  valuable  where  the  iris  will  uncover  the  least  opaque 
portions  of  the  lens.  When  this  is  determined  by  the  ophthal- 
moscope, the  patients  may  use  these  drops  regularly,  even  for  a 
number  of  years,  with  great  benefit  to  the  vision. 

As  has  been  intimated,  the  progress  of  idiopathic  cataract  is 
in  most  cases  very  slow.  In  the  average  ten  to  fifteen  or  more 
years  may  elapse  before  maturity  of  the  opacity  occurs.  It  is 
from  this  fact,  and  also  because  the  growth  of  cataract  is  some- 
times spontaneously  arrested,  that  the  erroneous  opinions  have 
arisen  that  senile  cataracts  may  be  removed  by  the  use  of  the 
electric  current,  by  trituration,  massage,  or  other  methods. 

Dr.  Richard  Kalish,  New  York,1  reports  success  in  preventing  the 
maturity  of  cataract,  by  daily  massage  of  the  lids  with  a  mixture  of 
glycerin  and  water,  equal  parts.  Although  Dr.  Kalish's  opinions 
are  entitled  to  respect,  from  his  very  considerable  experience  and 
position  as  an  expert  in  ophthalmology,  up  to  this  time  the  profession 
does  not  seem  to  be  read}-  to  accept  his  views.  I  have,  as  yet,  seen 
nothing  which  leads  me  to  believe  that  the  maturity  of  incipient 
cataract  can  be  prevented  or  arrested  by  any  treatment.  It  is,  no 
doubt,  true  that  straining  of  the  accommodation,  in  some  instances, 
may  hasten  the  progress  of  cataract,  especially  in  astigmatic  patients. 
Therefore,  a  proper  precaution,  in  persons  showing  slight  opacities 
of  the  lens,  in  regard  to  the  manner  of  occupying  themselves,  will 
doubtless  be  of  service  in  preventing  the  progress  of  the  disease. 

1  "The  Absorption  of  Immature  Cataract  by  Manipulation  Conjoined  with 
Instillation."     N.  Y.  Med.  Record,  Dec.  20th,  1890. 
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Many  cases  of  lenticular  opacities  cease  to  advance  without 
any  treatment  whatever.  The  only  effect  I  have  seen  from  the 
method  of  trituration  is  a  hastening  of  the  ripening  of  the  cata- 
ract. There  is,  as  yet,  no  means  known  for  the  removal  of  a 
cataract  except  through  operation,  and  yet  absorption  may 
spontaneously  occur,  at  least  in  part,  or  the  process  of  ripening 
be  arrested  in  a  small  proportion  of  cases.  It  is  probably  true 
that  many  persons  live  and  die  with  a  fair  degree  of  sight,  being 
able  to  read  small  type,  and  so  forth,  who  have  opacities  of  the 
lenses  that  never  come  under  the  observation  of  an  ophthalmic 
surgeon.  I  am  led  to  this  belief  from  the  number  of  cases  I 
have  watched  for  years,  without  observing  any  notable  advance. 
These  are  generally,  if  not  always,  cases  of  lamellated  cataract. 

If  cataract  be  left  to  become  over-ripe,  the  cortical  material 
slowly  dissolves  and  leaves  a  small  nucleus  behind,  which  to- 
gether with  the  opaque  and  dried  capsule  forms  quite  as  much 
an  impairment  of  vision  as  the  fully  matured  general  opacity  of 
the  lens.  In  such  cases,  other  changes  occur  in  the  eye,  the 
iris  atrophies  and  loses  its  color,  becomes  tremulous  from  want 
of  support,  and  the  globe  itself  may  become  soft.  The  prognosis 
is  then  bad.  Too  much  time  has  been  lost.  The  cataract  should 
have  been  removed  when  ripe.  This  stage  is  reached  when  the 
patient  can  no  longer  discover  objects,  but  has  quantitative 
perception,  that  is  to  say,  ability  to  distinguish  light  from  dark- 
ness, and  light  of  varied  intensity,  but  not,  for  example,  to 
count  fingers,  or  discern  other  objects  as  such.  Objectively  a 
cataract  is  ripe  when  it  covers  the  whole  area  of  the  pupil,  and 
no  shadow  is  cast  by  the  iris,  even  on  full  dilatation. 

In  the  classification  of  cataract  much  was  formerly  said  of 
the  Morgagnian  cataract.  This  is  really  but  an  over-ripe  senile 
cataract.  The  cortical  matter  in  these  cases  has  become  fluid 
and  left  the  nucleus  bathed  in  it.  Such  a  condition  is  fully 
comprehended  under  the  retrogressive  changes  of  nuclear  cata- 
ract, and  only  requires  an  incidental  mention. 

GLAUCOMA   FROM   SWELLING   OF  THE   LENS. 

Traumatic  cataracts  become  dangerous  from  their  disposition 
to  swell  rapidly,  and  thus  to  increase  the  tension  of  the  eyeball 
(artificial  glaucoma)  and  finally  destroy  it.     It  is  alwaA^s  nee- 
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essary  to  interfere  promptly,  and  to  remove  the  swelling  lens 
matter,  in  whole  or  in  part,  when  this  occurs. 
The  following  is  an  illustrative  case: 

Wound  of  Cornea,  Iris,  and  Lens. — Traumatic  Cataract. — 
July  10,  1883.  Mrs.  E.  L.  W.,  age  35,  yesterday  forenoon  was 
taking  out  tacks  with  dinner-knife,  when  a  tack  (?)  sprung  up  and 
struck  her  in  the  eye.  Sight  lost.  Cornea  of  left  eye  perforated 
half-way  between  pupil  and  corneal  junction.  Iris  behind  it  per- 
forated and  cataract  resulted.  Right  eye  has  been  watering  since 
last  night,  light  hurts  it,  is  slightly  red.  Patient  is  so  nervous  that 
it  is  hard  to  tell  anything  about  her  sight.  R.  E.=§£.  Not  im- 
proved with  glasses.  L.  E.=  perception  of  light.  Lens  opacit}r. 
Synechia  posterior  outer  half.     Atropine  was  applied. 

July  17th. — Has  had  very  little  pain  in  her  left  eye.  Sees  as  well 
now  with  her  right  eye  as  she  did  before;  never  did  see  very  well. 
R.  V.  =•§-§ ;  2  J.  at  8  inches  (sideways).  Left  pupil  irregularly  dilated, 
lens  swollen,  and  protrudes  into  anterior  chamber.  Continue  atropia 
and  shade. 

July  23d. — Condition  same  as  last  visit. 

August  25th. — Redness  entirely  gone,  pupil  partly  dilated,  lens 
matter  in  anterior  chamber.  R.  V.  =  f#.  Has  had  some  atropia  in 
right  eye.     Left  eye,  V=  moving  objects.     Continue  atropia. 

November  3d.— R.  V.=f$,  L.  V.=££;  W+£  i,  the  lens  matter 
having  been  nearly  entirely  absorbed.  Pupil  of  left  e}Te  nearly 
round.  Small  amount  of  capsule  remaining  in  the  lower  part.  Ad- 
vise -f-j.     Reads  1  J.  at  10  inches. 

Remarks. — In  this  case  there  never  was  any  artificial  glau- 
coma. Although  the  patient  was  thirty-five,  the  absorption 
went  on  safely,  without  any  interference.  This,  however, 
would  not  be  generally  the  case. 

THE  RIPENING  OF  CATARACT. 

In  some  cases  of  slowly  advancing  senile  or  even  congenital 
cataract,  it  may  be  proper  to  hasten  the  process  of  ripening,  since 
if  this  be  not  done,  it  goes  on  so  slowly  as  to  deprive  the  patient 
of  nearly  all  useful  vision  for  years,  during  which,  after  a  suc- 
cessful operation,  it  might  be  enjoyed.  For  ripening  cataracts, 
I  prefer  the  method  of  Foerster  (Breslau,  1870),  which  consists 
in  the  performance  of  an  iridectomy  in  conjunction  with  mas- 
sage of  the  cornea  for  a  very  few  minutes,  say  two  or  three, 
25 
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with  a  spatula  or  strabismus  hook.  While  serious  and  rapid 
phakitis  may  result  from  this  operation,  it  is  very  unusual,  and 
the  surgeon  may  confidently  undertake  Foerster's  method  for 
ripening  cataract  in  appropriate  cases.  Such  cases  must  be  kept 
under  careful  observation  from  the  time  of  the  operation,  for. 
while  the  ripening  may  go  on  gradually  and  simply  and  give 
the  surgeon  ample  time,  on  the  other  hand  it  may  go  on  so 
rapidly  as  to  require  the  removal  of  the  lens  in  four  or  five  days 
after  the  iridectomy  has  been  performed.  I  am  inclined  to  be- 
lieve that  the  iridectomy  is  the  chief  factor  in  the  production  of 
maturity  of  the  cataract,  and  that  the  trituration  or  massage  of 
the  cornea  has  very  little  to  do  with  it.  In  even  very  carefully 
performed  iridectomies  for  glaucoma,  we  not  unfrequently  see 
opacities  of  the  lens  result,  which  I  believe  is  not  necessarily  due 
to  the  contact  of  the  point  of  the  knife  with  the  capsule,  but  to 
the  concussion  of  the  lenticular  constituents.  Dr.  Pooley,  New 
York,  modified  Foerster's  operation  by  performing  a  delicate 
paracentesis  of  the  capsule.  This  is,  in  its  nature,  a  more 
dangerous  operation,  that  is  to  say,  more  likely  to  be  followed 
by  rapid  swelling  of  the  lens,  than  a  simple  iridectomy. 

•  TRAUMATIC   CATARACT. 

Traumatic  cataracts  form  one  important  class  by  themselves, 
and  require  especial  consideration.  Nowhere  in  ophthalmic 
surgery  will  better  judgment  be  required  than  in  the  manage- 
ment of  traumatic  opacities  of  the  lens.  They  occur  in  all  ages, 
and  under  the  most  different  circumstances.  The  cataract  oc- 
curring in  glaucoma  after  the  operation  of  iridectomy  may 
properly  be  classed  under  the  head  of  a  traumatic  form.  But 
this  is  not  the  variety  usually  in  mind  when  speaking  of  trau- 
matic cataract.  Traumatic  cataract  may  be  merely  one  of  the 
many  results  of  a  serious  injury  of  the  eye  involving  all  of  its 
tissues,  in  which  the  opacity  of  the  lens,  immediate  or  sub- 
sequent, is  a  mere  incident.  But  there  is  a  large  class  of  cases 
in  which  the  eye,  except  the  cornea  and  lens,  has  received  no 
injury,  and  where  we  may  expect  a  considerable  restoration  of 
vision,  and  a  useful  eye,  if  we  can  remove  the  lens. 

The  following  table  of  the  last  cases  of  traumatic  cataract, 
treated  in  the  wards  of  the  Manhattan  Eye  and  Ear  Hospital. 
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gives  an  idea  of  the  various  sources  of  injury.  These  are  cases 
in  which,  beyond  the  damage  to  the  lens,  the  eyeball  is'not  sup- 
posed to  be  seriously  injured.  Cases  of  wound  in  the  ciliary  re- 
gion or  detachments  of  the  retina,  or  destructive  inflammations 
of  the  whole  eyeball  from  injury,  even  if  cataract  have  also  re- 
sulted, are  carefully  excluded  from  this  table.  They  are  cases 
in  which  treatment  for  the  removal  of  the  cataract  affords  a 
good  prospect  of  success. 

Table  Showing  the  Ordinary  Causes  op  Traumatic 

Cataract. 

Struck  in  e}re  with  a  stone 7 

"       by  nail  flying  from  a  hammer 2 

"       "     missile  from  torpedo  explosion 2 

"       "     tack,  while  shaking  a  rug 2 

"       "     piece  of  coal 1 

"       "     chip  of  steel  from  chisel  or  hammer 7 

"       "     piece  of  wood =  .    1 

Ran  against  a  fork  held  by  a  child .   1 

Struck  by  a  piece  of  glass 1 

"  "    whip-lash , 2 

Falling  down  and  striking  face 2 

Struck  in  eye  by  a  thorn 2 

"         "  .     hair-brush   1 

Cutting  wire,  a  piece  hits  the  eye. 3 

The  end  of  a  file  enters  the  eye 1 

Gunpowder  explosion  (firecracker) .............    3 

Struck  with  a  horseshoe 1 

"       piece  of  tin  from  cutting  with  scissors 1 

"        scissors  (child  four  years  old) 1 

"       by  piece  of  mortar  and  sand  thrown  at  patient 1 

"   baseball    1 

Capsule  accidentally  ruptured  by  keratome  in  performing  an  iridec- 
tomy     1 

Cork  from  soda-water  bottle 1 

Blow  in  the  eye  with  a  fist 2 

47 
Table  Compiled  from  Private  Practice. 

Eye  injured  by  blow  from  the  fist 5 

Struck  with  piece  of  wood 2 

by  piece  of  nail , ± 

Struck  by  wooden  plug  shot  from  pistol 1 
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Stuck  penknife  in  eye 1 

Thrown  from  load  of  hay,  striking  on  vertex 1 

Stick  run  through  upper  lid  of  left  eye 1 

Hit  by  piece  of  chisel 1 

Wounded  by  buckshot  from  air-gun 1 

Explosion  of  gunpowder 1 

Struck  by  hair-pin I 

"       by  arrow 1 

Hit  by  ball I 

Blow  from  stick 1 

Injured  by  fork-prong 1 

Struck  by  awl 1 

Cut  by  scissors 1 

Injured  by  falling  downstairs 1 

Hit  by  piece  of  coal 2 

Hit  by  stone 3 

Injured  by  tack 1 

Hit  by  needle 1 

Hit  by  piece  of  iron 1 

34 
I  have  recently  treated  a  case  of  traumatic  cataract  in  a  young 
girl  of  eleven  years  of  age,  which  occurred  in  rather  a  remarkable 
way.  She  was  standing  in  front  of  her  dressing-table,  and  took  up 
a  handkerchief  and  shook  it  playfully  at  a  little  friend  sitting  near. 
A  needle  was  in  the  handkerchief,  which  fell  out  and  hit  the  cornea, 
passed  through,  and  entered  the  lens.  The  sight  of  the  eye  was  at 
once  very  much  impaired.  The  cataract  that  followed  was  removed 
by  a  linear  section  some  weeks  after,  and  a  good  recovery  resulted,  al- 
though a  severe  iritis  followed  the  extraction.  This  case  is  remark- 
able for  the  fact,  that  during  the  operation,  the  iris  lost  its  normal 
color  under  our  eyes,  and  while  there  were  objective  evidences  of 
very  severe  iritis  in  this  discoloration  and  in  the  swelling,  and  sub- 
jectively, in  the  loss  of  sight,  the  patient  scarcely  suffered. 

If  the  instrument  or  missile  or  foreign  body,  enter  directly 
through  the  cornea,  and  do  not  pass  into  any  part  of  the  ciliary 
region  or  sclera,  the  chances  of  saving  the  eye  by  removing  the 
lens  are  very  good,  and  I  have  sometimes  succeeded  in  so  doing, 
but  in  the  following  case,  the  operation  failed  to  achieve  this 
result,  and  I  think  because  the  patient  was  not  operated  upon 
at  an  early  enough  date,  and  also  perhaps  because  he  was  a 
debilitated  subject. 
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REMOVAL   OF  LENS  CONTAINING   A   FOREIGN    BODY. 

Foreign  Body  in  Lens.  Traumatic  Cataract. — April  15th, 
L892.  Mr.  G.  F.,  age  66.  Ton  days  ago  was  struck  in  the  left  eye 
with  a  piece  of  iron.  The  sight  was  impaired  at  once,  slightly;  an 
hour  after  the  injury  began  to  have  pain.  Saw  a  surgeon  who  gave 
him  some  d  re  >ps.  For  a  week  had  no  trouble  except  the  blurring.  Two 
days  ago  began  having  pain,  which  has  continued.  Was  turning 
off  a  nut  with  a  chisel  when  the  accident  occurred.  R.  E.=f#.  L. 
E.  =T  o ,; ;  opacity  of  cornea  very  minute  to  outer  side  of  the  lenticular 
opacity.  Just  behind  the  corneal  opacity,  is  a  white  spot  on  the 
anterior  surface  of  the  lens,  with  an  opaque  line  extending  to  a  dark 
object  in  the  posterior  part  of  the  lens.     Peripheiy  of  lens  is  opaque. 

Adv.  and  Treatment. — Atropia.     Attempt  to  remove  the  lens. 

Extraction  of  Traumatic  Cataract,  April  16th. — The  lens  was 
removed  by  corneal  section  under  ether.  A  foreign  body  was  found 
imbedded  in  the  nucleus  of  the  lens.  The  bandage  was  changed  the 
same  evening.     Corneal  flap  was  slightly  haz}T  at  edge. 

Although  the  lens  was  extracted  with  the  foreign  body,  without 
particular  damage,  the  flap  did  not  heal,  circumscribed  suppuration 
followed,  and  the  patient,  who  was  rather  a  feeble  man  for  his  years, 
(.udy  recovered  with  the  eyeball  intact,  or  with  no  vision. 

Where  the  ciliary  region  or  even  only  the  sclera,  is  wounded, 
the  case  falls  under  those  likely  to  produce  sympathetic  ophthal- 
mia, and  out  of  the  category  of  those  we  are  now  discussing. 
Powder  burns,  from  explosions  near  the  eye,  form  another  fre- 
quent source  of  traumatic  cataract.  Grains  of  powder  entering 
the  eye  are  comparatively  innocuous,  perhaps  because  of  the 
aseptic  quality  of  gun-powder,  but  this  contact  with  the  lens 
will  produce  phakitis  and  traumatic  cataract. 

Any  kind  of  a  foreign  body  entering  the  lens,  will  produce 
cataract.  Very  rarely,  if  ever,  does  a  foreign  body  in  the  lens 
remain  isolated  or  become  encapsulated,  but  in  a  brief  period 
general  opacity  occurs ;  sometimes  only  a  few  hours  from  its  en- 
trance proliferation  of  the  lenticular  tissue  and  opacity  result. 
A  blow  upon  the  eye.  generally  produces  more  serious  injury 
than  cataract,  such  as  dislocation  of  the  lens,  detachment  of  the 
retina,  rupture  of  the  choroid,  or  wound  of  the  globe,  or  the  like, 
lint  such  a  blow  may  do  none  of  these  things,  and  produce  only 
an  opacity  of  the  lens.     Penetrating  wounds  of  the  cornea,  are 
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almost  invariably  attended  by  injuries  of  the  lens,  and  then 
almost  always  result  in  cataract.  If  the  wound  be  large,  the 
aqueous  humor  will  immediately  escape  into  it,  and  it  will  very 
soon  lose  its  transparency,  in  a  few  hours;  but  if  the  wound 
of  the  capsule  be  small  the  formation  of  the  cataract  will  be 
much  slower.  In  rare  cases,  a  small  wound  of  the  capsule 
produces  a  small  circumscribed  opacity,  which  remains  station- 
ary. As  Lawson  '  says,  such  a  happy  incident  more  frequently 
occurs  in  the  old  than  the  young  subject,  simply  because  the 
young  person  has  a  softer  lens  than  the  middle-aged  or  old 
person.  In  traumatic  cataract,  the  less  the  iris  is  involved  the 
better  the  chances  of  success.  If  it  be  prolapsed,  it  should  be 
cut  off. 

In  examining  some  cases  of  cataract  that  appear  in  the  clin- 
ics, where  there  is  no  trace  of  an  injury  of  the  cornea,  but  a 
positive  history  of  a  blow  upon  the  front  of  the  eye  some  time 
before,  we  can  assume  that  the  cataract  was  caused  by  concus- 
sion, and  this  agrees  with  our  knowledge  of  the  disease  from 
other  sources,  especially  in  cataract  occurring  after  the  opera- 
tion of  iridectomy. 

CATARACT   FOLLOWING  A  STROKE   OF  LIGHTNING. 

Il  has  been  observed  that  changes  in  the  lenses  occur  after 
hanging,  and  also,  in  rare  instances,  as  the  result  of  being 
struck  by  lightning."  The  following  case  well  illustrates  these 
changes  produced  by  a  stroke  of  lightning.  Its  fortunate  ter- 
mination is  exceedingly  instructive. 

The  subject  was  a  patient,  a  young  woman  of  twenty -eight  years, 
who,  while  picnicking  in  the  fields  of  Colorado,  was  overtaken  by 
h  severe  storm  from  which  she  took  shelter  under  a  tree,  where 
the  accident  happened.  She  discovered  the  impairment  of  vision 
after  she  recovered  from  the  general  shock.  Examination  a  few 
weeks  afterward  showed  that  there  were  opacities  of  each  lens. 
Win  mi  I  saw  her,  there  were  not  only  diffuse  opacities  composed  of 
irregular  wave-like  linos,  but  also  radiate  opacities,  especially  in  the 
eye  with  the  least  vision.  Her  vision  was  in  the  right  eye  nnr,  but 
she  could  only  read  No.  11  Jaeger.  In  the  other  eye  the  vision  was 
f#,  and  she  could  read  No.  4  Jaeger.     Two  months  after,  her  vision 

1  "Injuries  of  the  Eye,"  London,  1867,  p.  126. 
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was  the  same.  The  opacities  seemed  to  remain  stationary,  and  she 
was  advised  to  await  the  ripening  process,  unless  it  went  on  very 
slowly. 

I  have  never  seen  this  young  lady  since,  but  I  was  so  much  in- 
terested in  her  case  that  I  wrote  to  her,  and  received  the  following 
replies  from  herself  and  her  physician,  which  show  that  the  ripening 
of  the  cataract  has  been  arrested,  and  she  has  been  able  to  do  with- 
out an  operation : 

"  In  order  to  give  you  a  satisfactory  statement  of  the  present  con- 
dition of  my  eyes,  I  went  to  Dr.  Rivers  of  this  city,  who  examined 
them,  and  kindly  said  he  would  write  you  himself,  and  send  the 
pictures  which  he  made  of  the  cataracts.  There  is  therefore  nothing 
left  for  me  to  do  but  to  give  an  account  of  the  change  which  took 
place  in  my  sight  between  the  time  when  I  saw  you  in  March,  1889, 
and  the  present.  I  noticed  no  difference  in  the  sight  of  either  eye 
for  about  a  year ;  they  seemed  to  grow  neither  worse  nor  better,  but 
the  'fire-balls'  which  I  saw  so  often  graduall}T  appeared  less  and  less, 
and  at  length  only  troubled  me  after  loss  of  sleep,  a  long  time  in  the 
bright  sunlight,  or  anything  else  which  made  my  eyes  tired.  For 
several  weeks  in  the  spring  of  1890  I  was  conscious  of  an  improve- 
ment taking  place  in  my  sight,  and  when  my  friends  also  noticed 
that  I  appeared  to  be  able  to  see  better,  and  questioned  me  about  it, 
I  acknowledged  the  fact  which  I  had  not  cared  to  speak  of  before, 
fearing  the  improvement  less  than  I  imagined,  or  that  I  was  only 
growing  more  accustomed  to  my  condition.  So  you  can  see  how 
very  slowly  the  change  took  place.  By  the  middle  of  the  summer, 
however,  I  could  read  ordinary  print  very  well,  and  so  the  improve- 
ment went  on  very  slowly  for  a  }*ear  or  two.  But  the  change  was 
only  in  the  right  eye,  I  found;  the  left  remained  unchanged  for  some 
time,  so  far  as  I  could  judge.  For  the  past  year,  however,  its  sight 
has  been  growing  slightly  more  dimmed,  until  it  is  in  the  condition 
which  Dr.  Rivers  will  describe  to  you.  About  three  months  after  I 
saw  you,  I  was  visiting  friends  in  Montreal,  and  being  advised  to 
consult  Dr.  Buller,  I  did  so.  He  was  of  the  opinion  then  that  the 
cataracts  were  not  maturing  as  rapidly  as  they  had  been,  and  a  second 
examination  three  months  later  on  showed  that  they  had  not  changed, 
and  the  doctor  expressed  the  opinion,  that  they  would  remain  as  they 
were  for  a  great  many  years,  perhaps  for  the  remainder  of  my  life. 
Since  my  second  visit  to  Dr.  Buller,  I  have  not  had  my  eyes  ex- 
amined, until  I  went  to  Dr.  Rivers  the  other  day  with  }'our  letter. 
My  health  has  been  pretty  good  most  of  the  time,  though  I  was  not 
quite  so  well  as  usual  last  year." 
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Denver,  Col.,  March  12,  1804. 

"  Miss  L ,  a  nurse  in  our  hospital,  requested  me  to  examine 

her  eyes,  and  report  to  you  their  condition. 

"  You  will  remember  several  years  ago  she  was  struck  by  light- 
ning, and  several  months  afterward  you  found  immature  cataracts. 
Dr.  Buller,  of  Montreal,  also  examined  her,  and  gave  her  practically 
the  same  prognosis,  that  she  would  have  to  be  operated  on  in  a  few 
months. 

"  My  examination  shows : 

"  O.  D.  Vision=^-{-,  not  improved  by  lenses;  reads  Jaeger  No.  1 
at  15  cm.  out  to  29  cm.  from  eye,  with  ease. 

"  O.  S.  Vision=Y%;  no  improvement  with  lenses;  reads  No.  2 
Jaeger,  with  great  difficulty. 

"  Pupils  dilated  with  homatropine  for  ophthalmoscopic  examina- 
tion, shows  pupils  dilated  ad  maximum,  perfectly  round.  Lens 
partially  opaque  in  posterior  portion,  more  especially  at  posterior  pole 
as  shown  in  drawings. 

"  Fundus  normal  in  each  eye.  Disc  and  vessels  in  right  eye  can 
be  seen  through  the  lens  in  its  whole  area,  including  centre,  but  the 
light  streaks  cannot  be  seen.  In  the  left  eye,  besides  the  posterior 
opacity,  a  few  streaks  (of  opacity)  are  in  anterior  surface  of  lens. 
Disc  very  indistinctly  seen  through  any  portion  of  lens,  and  not  at 
all  through  the  centre. 

"  She  says  that  when  you  examined  her,  her  left  eye  was  the  bet- 
ter of  the  two,  and  since  then  she  thinks  the  left  eye  has  remained 
nearly  in  the  same  condition,  but  the  right  one  has  so  improved  that 
it  is  now — as  above  shown — very  much  the  better. 

"  Yours  very  truly, 

"E.  C.  Rivers." 

It  will  be  seen  from  the  account  of  the  above  interesting 
case,  that  the  lenses  are  not  undergoing  absorption,  but  that 
the  opacities  have  actually  diminished,  and  the  volume  of  the 
lens  remains  unchanged.  The  positive  evidence  of  the  influence 
of  electricity  upon  the  lens,  is  here  complete,  because  the 
young  woman,  who  wras  an  educated  and  intelligent  person, 
knew  that  her  sight  was  excellent  until  this  accident  occurred. 

TREATMENT  OF  CATARACT. 

In  spite  of  all  that  has  been  written,  there  are  no  constitu- 
tional or  local  means  of  treatment,  by  which  opacities  of  the  lens 
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can  be  removed  without  a  cutting  operation.  Their  absorption 
cannoi  be  hastened  by  the  application  of  agents  to  the  eye,  or  the 
administration  of  medicines.  Beyond  the  unaided  processes  of 
nature,  a  surgical  operation,  and  thai  alone,  will  he  of  avail.  It 
is  not  to  be  denied,  however,  that  if  cataracts  be  discovered  early, 
and  the  nutrition  be  very  carefully  observed,  and  all  straining  of 
the  eyes  under  unfavorable  conditions  be  avoided,  the  advance 
of  the  opacity  may  be  delayed,  perhaps  arrested.  The  proper 
treatment  for  senile  cataract  will  be  first  discussed. 

The  operations  now  performed  are  those  of  simple  extraction 
or  modified  simple  extraction,  that  is  to  say,  a  flap  operation 
with  a  narrow  Graefe  knife,  without  an  iridectomy,  or  the  same 
operation  in  conjunction  with  an  iridectomy.  Luxation  of  the 
lens  by  a  needle,  an  operation  performed  until  the  nineteenth 
century  by  travelling  oculists,  who  went  from  market-town  to 
market -town  in  the  continent  of  Europe,  and  by  reputable  sur- 
geons in  England  and  this  country  until  1840,  is  now  every- 
where in  civilized  countries  abandoned.  The  knife  of  Beer,  of 
triangular  shape,  very  difficult  to  use  successfully,  has  been  given 
up  since  Graefe  proposed  the  modified  linear  operation.  But 
the  knife  alone  remains  of  Graefe's  operation,  except  when  iri- 
dectomy is  performed.  We  have  come  around  the  circle,  to  the 
simple  extraction  of  Daviel  and  Beer  and  Ware,1  with  also  a 
survival,  in  slowly  ripening  cases,  of  Foerster's  preliminary  iri- 
dectomy, and  an  occasional  extraction  of  the  lens  in  its  capsule. 
This  latter  procedure  may  always  be  recommended  in  those 
cases  where,  after  the  section  is  made,  the  lens  is  seen  readily 
to  escape  without  the  necessity  of  entering  the  eye  with  a  capsu- 
lotome.  The  results  of  the  operation,  as  now  performed,  are 
pre-eminently  successful.  A  very  small  percentage,  not  more 
than  five  to  seven,  is  lost  in  the  hands  of  experienced  operators. 
After  the  peripheric  linear  operation  was  generally  adopted, 
Horner  placed  the  losses  at  '2JM  per  cent.  This  is  too  low  for 
ordinary  unselected  statistics.  It  has  been  remarked  that  there 
is  nothing  so  misleading  as  statistics.  While  this  may  not  be 
literally  true,  it  is  true  that  statistical  tables  of  the  results  of 
operations  sometimes  have  a  subjective  coloring,  which  requires 
that  they  must  be  carefully  considered  in  all  their  bearings  be- 

1  Transactions  Rova!  Societv  of  London.  1801. 
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fore  their  summing  up  is  accepted.  There  are  some  newspapers 
whose  headlines  do  not  correctly  represent  the  actual  news  de- 
tailed below.  There  are  also  some  percentages  of  cases  in  op- 
erations for  cataract  not  justified  by  a  careful  reading  of  the 
reports  of  the  cases  themselves. 

The  method  of  performing  the  various  operations  for  cata- 
ract has  already  been  described  in  Chapter  X.,  but  there  remains 
much  to  be  said  on  the  general  causes  of  success  or  failure, 
with  an  account  of  the  proper  after-treatment.  The  con- 
stitutional condition  and  temperament  of  the  patient  have 
something  to  do  with  the  success  of  an  operation.  Fortunately, 
the  progress  of  time  blunts  the  sensibilities,  and  restrains  the 
emotions  of  many  subjects  of  senile  cataract.  They  have 
weathered  so  many  storms  in  their  long  lives,  that  one  more  does 
not  surprise  them.  Besides,  they  come  gradually  to  their  loss 
of  sight,  and  they  are  not  shocked  or  unnerved  by  it,  but  this  is 
not  always  the  case. — Valuable  as  is  cocaine  in  cataract  opera- 
tions, general  anaesthesia  has  an  advantage  of  its  own. 

Nervous  and  excitable  patients  are  so  occupied  with  the  un- 
pleasant consequences  of  their  etherization,  that  they  have  no 
thought  for  their  eyes,  and,  as  soon  as  the  nausea  is  recovered 
from,  are  apt  to  fall  into  sleep.  To  secure  a  good  night's  rest 
is  one  of  the  most  important  duties  to  be  accomplished  for  a 
patient  after  an  operation  for  cataract.  It  promotes  healing  of 
the  wounds  in  the  first  twenty-four  hours.  That  once  achieved, 
the  greatest  danger  of  suppuration  is  over.  Very  severe  iritis 
may  occur  and  last  for  days  and  yet  the  patient  recover  good 
sight,  but  if  a  suppurative  process  in  the  cornea  or  iris  once  oc- 
curs, the  chances  of  saving  the  eye,  even  if  all  the  known  things 
be  done,  are  nearly  nil.  Cauterization  of  the  lips  of  the  wound 
with  the  actual  cautery  or  carbolic  acid,  may  be  tried.  Some 
success  has  been  recorded  from  this  procedure.  The  only  eyes 
that  I  have  succeeded  in  saving,  when  corneal  suppuration  has 
once  set  in,  have  been  those  in  which  hot  fomentations  or  iced 
cloths  were  used,  and  the  suppurative  process  has  become  circum- 
scribed, but  whether  from  the  applications  or  not,  I  cannot  say. 

The  dangers  occurring  during  the  operation  itself  have  been 
fully  detailed  in  the  chapter  in  which  the  operation  and  its  ac- 
cidents have  been  described. 
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After -Treatment, — The  after-treatment  of  a  case  of  extrac- 
tion is  very  simple.  While  I  would  not  go  to  the  lengths  that 
are  advised  by  some  operators,  much  larger  liberty  is  to  be  al- 
lowed the  patient  than  was  formerly  thought  proper.  Arlt 
sometimes  detailed  an  assistant  to  hold  a  patient's  head,  for  some 
hours  after  an  extraction  of  cataract,  and  in  Graefe's  clinic  dur- 
ing my  pupilage  there,  the  hands  were  always  fastened  so  that 
they  could  not  reach  the  eyes,  by  linen  or  cotton  bands,  and 
among  all  operators,  up  to  a  few  years  ago,  it  was  advised  that 
the  patient  be  kept  in  a  very  dark  room,  absolutely  on  the  back 
without  stirring,  for  from  twenty-four  to  thirty-six  hours.  A 
patient  may  be  operated  upon  on  a  table  and  removed  to  the 
bed,  without  danger.  He  may  sleep  in  a  semi-lighted  room,  a 
room  light  enough  for  the  patient's  attendant  to  read.  His 
position  may  be  changed  in  bed,  if  carefully  done,  but  it  is  bet- 
ter, when  senile  delirium,  not  uncommon  after  an  operation  for 
cataract,  or  great  restlessness  occurs,  to  let  the  patient  get 
about  in  the  room,  than  to  attempt  to  confine  him,  or  even  to 
leave  the  eyes  bandaged  if  the  patient  incline  very  much  to  tear 
the  bandages  off.  In  a  few  such  instances,  in  my  practice,  the 
most  violent  actions,  uncontrollable  movements  so  that  all 
bandaging  was  given  up,  the  patients  recovered  excellent  vision. 
One  was  that  of  a  lady  of  ninety-two  years  of  age,  who  lived 
some  two  years  and  a  half  to  enjoy  her  eyesight.  But,  on  the 
other  hand,  the  loss  of  eyes  may  be  directly  traced  to  the  pa- 
tient's own  carelessness  and  rough  handling  of  the  bandage. 

As  has  been  intimated,  some  authors  grant  great  liberties  to 
all  patients.  Knapphas  lately  advised,  that  the  patient  undress 
after  instead  of  before  the  operation,  and  that  the  eye  be  left 
unbandaged  for  an  hour  or  two.  Another  authority.  Cheat- 
ham, of  Louisville,  Ky.,  allows  a  patient  to  ride  home  some 
miles  in  a  wagon  over  a  country  road,  immediately  after  an  op- 
eration. A  surgeon  resident  in  Mexico,  who  goes  about  the 
various  cities  of  that  country  to  operate  for  cataract,  informs 
me  that  he  simply  bandages  the  eyes  very  carefully,  and  per- 
mits the  patient  to  go  home  and  return,  as  if  the  case  were  that 
of  an  ordinary  out-patient. 

Twenty  years  ago,  I  tried  faithfully  the  after-treatment  by 
closing  the  eye  with  strips  of  isinglass  plaster,  but  I  soon  re- 
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turned  to  the  flannel  bandage  as  suggested  by  Graefe,  and 
which  I  learned  to  use  in  his  clinic.  I  believe  patients  usually 
find  this  a  comfortable  dressing,  and  that  it  gives  a  sense  of 
safety  to  the  eye,  which  most  thoughtful  patients  require. 
But  I  advise  that  the  hands  be  restrained  by  a  bandage,  so  that 
in  sleep  they  may  not  be  lifted  up  to  the  forehead. 

I  am  not  in  favor  of  opening  an  eye  that  has  been  operated 
upon  for  cataract,  sooner  than  four  or  five  or  even  six  days  after 
the  operation,  unless  signs  of  inflammation  are  marked.  The 
bandage  may,  however,  be  removed  every  twenty-four  hours, 
and  the  face  bathed  if  it  will  contribute  to  the  comfort  of  a 
patient,  while  the  eye  is  not  opened.  I  share  the  horror,  long 
ago  expressed  by  the  late  Dr.  Cornelius  Agnew,  of  a  "peeping 
pathologist,"  who  persists  in  seeing  an  eye  that  is  apparently 
doing  well,  before  the  wound  can  have  at  all  firmly  closed. 
This  is  pulling  up  potatoes  to  see  if  they  grow.  Even  when 
four  days  have  elapsed,  and  the  eye  is  opened  and  the  pupil  and 
wound  be  examined,  this  must  be  done  with  the  greatest  care, 
or  the  wound  may  be  reopened  and  prolapse  of  the  iris,  or  even 
of  the  iris  and  vitreous  may  occur.  Patients  snap  the  eyes  to- 
gether even  under  the  most  careful  management  in  some  cases, 
and  thus  cause  irreparable  accidents. 

The  argument  for  not  opening  eyes  that  have  been  operated 
upon  for  senile  cataract  until  some  days  after,  it  seems  to  me,  is 
nowhere  better  put  than  by  Dr.  Hasket  Derby.1  Since  it  repre- 
sents very  well  my  own  opinions,  I  reproduce  it  here.  Dr. 
Derby  states  that  there  is  a  great  difference  of  opinion  as  to 
when  the  lids  should  be  first  separated  and  the  eye  examined. 
One  of  the  greatest  of  authorities,  the  late  Professor  Arlt,  sug- 
gested that  the  lids  may  be  separated  twenty -four  hours  after 
the  operation,  and  sooner,  if  necessary.  Dr.  Derby  came  to  the 
conclusion  that  the  e}Te  did  quite  as  well  if  the  lids  were  allowed 
to  remain  closed  two,  or  even  three,  days,  and  as  his  experience 
increased,  he  says  that  a  new  fact  forces  itself  repeatedly  to  his 
notice:  That  in  certain  cases,  in  which  the  healing  process  was 
interrupted  by  inflammation,  the  first  pain,  lachrymation.  or 
discharge  followed  accurately  on  the  first  separation  of  the  lids. 

1  "Reference  Hand -Book  of  the  Medical  Sciences,"  Wm.  Wood  &  Co.,  vol. 
i..  p.  803. 
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however  carefully  it  was  done,  and  however  short  a  time  was 
consumed  in  the  examination.  He  found  that  when  the  case 
had  heen  doing  perfectly  well  for  three  or  four  days,  and  not 
the  slightest  pain  experienced,  and  the  eye  opened  and  looked  at 
very  quickly  with  a  weak  light,  no  lens  used,  and  no  trial  of 
vision  made,  yet  within  a  few  hours  pain  would  occur,  and  de- 
cided symptoms  of  inflammation  appear.  This  happened,  as 
Dr.  Derby  continues,  so  frequently,  that  it  became  impossible 
for  him  not  to  connect  the  examination  and  the  inflammation, 
as  to  cause  and  effect.  Acting  on  this  belief,  he  continued  to 
prolong  the  time  that  he  allowed  the  eye  to  remain  unopened. 
Dr.  Derby  first  announced  these  views  in  L881.1  At  the  present 
writing  he  continues  to  adhere  to  them,  he  says  that  he  rarely 
makes  the  first  examination  before  the  morning  of  the  eighth 
day. 

Dr.  Derby's  experience  so  exactly  tallies  with  mine  in  this 
matter  of  associating  early  opening  of  the  eye  with  the  causa- 
tion of  inflammation,  that  I  am  very  glad  to  quote  somewhat 
in  detail  what  he  has  said,  to  express  my  own  views.  While  I 
may  change  the  bandage  every  twenty-four  or  every  forty-eight 
hours,  if  the  patient  be  uncomfortable,  I  do  not  open  the  eye 
until  the  fifth  or  sixth  day,  unless  evidence  in  the  red  lid,  the 
great  pain,  or  the  swelling  forces  me  to  conclude  that  an  active 
inflammatory  process  is  going  on.  If  that  is  present,  of  course 
the  eye  must  be  opened,  and  the  origin  of  the  inflammation  and 
its  character  traced  out.  In  this  connection,  it  is  well  to  state, 
that  I  have  found  the  solutions  of  atropia  in  castor  oil,  very 
beneficial  in  their  influence  upon  eyes  very  much  inflamed  after 
cataract  operation.  The  reaction  to  oily  solution  is  much  less 
than  that  from  watery  ones.  I  now  invariably  use  them  in  such 
cases.  The  patients  seldom  know  that  a  drop  has  been  applied, 
and  do  not  snap  their  lids  together  when  the  oil  is  used. 

The  young  operator  should  be  on  his  guard  against  putting 
his  hands  even  on  the  edge  of  the  upper  lid,  or  on  the  eyebrows 
while  causing  the  patient  to  look  down,  in  the  first  few  days, 
after  extraction  of  the  cataract.  The  edge  of  the  wound  is 
sometimes  so  rough,  as  to  cause  great  pain  when  the  eye  is 
moved  downward.     Besides  the  pressure  of  the  surgeon's  finger 

1  American  Ophthalmologics!  Society. 
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may  compel  nervous  persons  to  jerk  the  eye  away  from  his 
hands.  I  have  had  the  misfortune  to  see  the  wound  of  the 
cornea,  reopened,  by  the  snapping  together  of  the  eyelids  in 
several  cases,  and  in  a  few,  the  eye  was  lost  from  prolapse  of 
the  iris  and  the  vitreous.  The  operated  eye  will  tolerate  even  a 
light  blow  upon  the  bandage,  better  than  such  a  snapping 
together  of  the  lids.  The  various  eye-protectors  that  have  been 
invented,  two  of  which  are  here  described,  often  serve  an  excel- 
lent purpose,  but  chiefly  with  intelligent  and  careful  patients. 
Stupid  and  careless  patients  will  deliberately  do  harm  to  their 
eyes.  There  is  absolutely  nothing  that  will  guard  eyes  from 
mischievous  handling  on  the  part  of  such  patients,  except 
possibly  tying  the  hands  to  the  side  of  the  bed,  so  that  they 
cannot  raise  them  high  enough   to  reach  the  bandage.     This 

sometimes  is  inefficacious, 
because  they  loosen  their 
hands  from  the  restraint. 

After  the  cornea  has 
thoroughly  healed,  a  simple 
pledget  of  cotton,  with  a 
protective  black  patch,  as 
shown  in  the  cut  on  page 
189,  chapter  IX.,  may  be 
worn.  This  in  a  few  days 
is  to  be  in  turn  replaced  by 
a  simple  shade  or  a  pair  of 
colored  glasses,  and  the  pa- 
tient allowed  to  go  out-of- 
doors. 

PROTECTIVE    BANDAGES. 

Fig.  157  illustrates  the 
protective  apparatus  in- 
vented by  Dr.  T.J.  McCoy, 
formerly  house  surgeon  in 
the    Manhattan    Eye    and 

Ear  Hospital.     It  consists  essentially  of  two    wire  protectors. 

shaped  like  a  very  large  watch-crystal,  fastened  to  the  eye  with 

tapes. 


Fig.   157.  -  Mc(  'hy"s  Protector. 
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The  ocular  mask,  designed  by  Dr.  Frank  W.  Ring,  is  used 
as  a  protection  for  the  eye  after  operation.  It  is  made  of 
papier  mdche',  covered  with  black  silk  and  lined  with  white 
linen.  It  is  moulded  to  lit  the  parts 
about  the  eyes  and  rounded  out,  so 
that  the  eve  is  protected.  Tapes  are 
used  to  hold  it  in  place,  and  it  may 
be  used  over  a  bandage,  or  simply 
with  cotton  over  the  eye.  A  hole  is 
easily  cut  over  one  eye  if  desired. 

ORDERING    GLASSES    AFTER  AN 
OPERATION. 

It  is  not  well  to  order  glasses 
until  some  four  to  six  weeks  after  a 
successful  operation,  for  several  rea- 
sons, among  which  are: 

1 .  The  fact  that  the  corneal  as- 
tigmatism caused  by  the  section,  will  diminish  very  much  in  a 
few  weeks.  It  may  be  eight  to  ten  diopters  immediately  after 
the  operation,  and  become  as  little  as  two.  It  is  very  important 
in  many  cases  to  prescribe  cylindric  glasses,  since  they  will  often 
make  a  vast  difference  in  the  capacity  to  see,  specially  at  a 
distance. 

2.  Patients  may  strain  their  eyes  by  over-use,  if  allowed 
glasses  at  too  early  a  period.  I  have  known  serious  iritis  oc- 
curring some  weeks  after  an  operation,  to  be  directly  traced  to 
over-use  of  the  eves. 


Fig.  158.— Ring's  Protector. 


WHEN  SHALL   OPERATIONS   BE  PERFORMED? 

Among  the  many  questions  properly  to  be  considered  in  dis- 
cussing the  expediency  of  an  operation  for  cataract,  is,  Shall  we 
advise  an  operation  on  one  eye,  where  the  other  is  sound,  or 
nearly  so?  A  direct  answer  that  will  include  all  the  conditions 
cannot  be  given  to  this  question.  If  a  patient  be  very  old  and 
feeble,  and  have  one  eye  with  which  he  is  able  to  read,  or  even 
only  to  get  about  with  assistance,  without  being  able  to  be  em- 
ployed on  fine  occupations,  and  if  his  general  health  does  not 
admit  of  manual  labor,  there  will  manifestly  be  no  advantage 


400  CATARACT. 

in  operating  upon  the  cataractous  eye,  even  if  the  cataract  be 
fully  ripe  and  the  local  conditions  are  favorable  to  a  successful 
operation. 

Again,  if  the  fellow -eye,  as  I  have  seen  it  in  several  notable 
cases,  be  entirely  free  from  opacity  of  the  lens,  while  the  cata- 
ractous eye  is  ready  for  an  operation,  I  think  the  matter,  if 
the  patient  be  intelligent,  may  be  left  entirely  to  his  or  her 
judgment,  as  to  whether  the  slight  risk  of  an  operation  should 
be  undertaken,  in  order  that  there  may  be  an  eye  in  reserve  in 
case  opacity  of  the  fellow  begins  as  it  is  likely  to.  Yet  I  have 
observed  two  cases  for  more  than  fifteen  years,  in  which  fully 
mature  senile  cataract  of  one  eye,  has  not  been  followed  by  any 
opacity  whatever  of  the  fellow-eye.  In  young  persons  with 
cataract  this  is  not  uncommon.  Where,  however,  one  eye  is 
ready  for  extraction,  and  the  other  has  begun  to  be  impaired, 
so  that  occupations  on  small  objects  are  not  easily  undertaken, 
I  should  urge  operation  on  the  mature  cataract,  if  the  patient 
were  one  in  a  position  in  life  requiring  the  use  of  his  eyes  in  read- 
ing and  so  forth,  and  if  he  or  she  be  in  fairly  good  health,  not 
too  old,  say  from  fifty-five  to  seventy  years  of  age.  But  even 
persons  in  very  advanced  years  should  not  be  denied  an  opera- 
tion on  that  ground  alone. 

It  should  be  remembered  as  a  fact  leaning  toward  an  opera- 
tion in  such  cases,  that  over-ripe  cataracts  undergo  degeneration 
and  absorption,  as  a  natural  consecutive  pathological  process. 
When  maturity  of  a  cataract  occurs,  the  law  of  nature  goes 
on  to  fulfilment,  and  dissolution  follows;  the  so-called  Mor- 
gagnian cataract  results.  Were  the  absorption  of  the  lens 
always  complete,  were  none  of  the  lens  or  capsule  left  behind  or 
not  enough  to  prevent  good  vision,  did  the  eye  not  become  irri 
table,  as  a  result  of  the  slowly  deliquescing  process,  we  might 
in  such  cases  leave  the  eye  to  its  inevitable  clearing  up  of  the 
lens,  the  other  being  sound ;  but  the  process  being  often  accom- 
panied by  choroiditis,  which  may  impair  the  vision  and  soften 
the  globe  while  the  lens  is  dissolving,  we  cannot  safely  leave  an 
over-ripe  cataract.  Indeed,  it  is  harder  to  remove  the  whole 
of  an  over-ripe  lens  in  an  extraction,  than  one  that  is  just  ma- 
ture. It  is  certainly  better  not  to  await  this  condition,  but  if  a 
cataract  is  to  be  removed,  to  do  so  when   it  is  just  ripe.      Of 
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hastening  the  maturity  of  slowly  advancing  cataracts,  full  no- 
tice has  already  been  taken. 

Another  question  is,  In  two  ripe  cataracts,  shall  both  be  re- 
moved at  the  same  time?  To  this  I  unhesitatingly  give  a  nega- 
tive answer.  I  am  aware  that  many  successful  operations  of 
this  kind  have  been  performed,  but  it  is  taking  a  risk  to  per- 
form them — a  risk  of  total  loss  of  both  eyes,  that  I  think  no  sur- 
geon is  justified  in  assuming.  If  an  unsuccessful  operation  be 
performed  on  one  eye,  and  the  surgeon  has  still  the  confidence 
of  the  patient,  he  has  learned  much  that  will  be  of  the  greatest 
service  in  avoiding  a  subsequent  failure.  If  a  bad  process  set  in 
in  one  eye,  it  is  very  apt  to  occur  in  the  other  at  the  same  time, 
and  the  chances  really  are  greater  of  losing  both  eyes  than  if 
one  is  operated  upon  at  a  time.  One  eye  is  sufficient  for  the 
purposes  of  even  an  exacting  life,  as  there  are  many  eminent  ex- 
amples among  statesmen  and  writers,  who  have  achieved  all  their 
success  with  vision  on  but  one  side,  although  there  are  not 
wanting  a  few  examples  of  great  success  with  nearly  complete 
blindness  of  both  eyes,  notably  in  this  country  the  historian 
Prescott,  and  in  England  Mr.  Fawcett,  the  statesman,  a  mem- 
ber of  Mr.  Gladstone's  cabinet  as  postmaster-general.  These 
cases  are  entirely  exceptional,  and  only  emphasize  the  serious 
handicapping  produced  by  blindness,  while  with  one  good  eye, 
no  man  or  woman  need  necessarily  shrink  from  undertaking 
any  duty,  or  consider  the  loss  a  positive  bar  to  success. 

All  this  has  an  important  bearing  on  the  question,  one  eye 
having  undergone  a  successful  operation,  shall  the  lens,  where 
ripe,  be  extracted  from  the  other  also?  If  the  one  eye  from 
which  the  lens  has  been  removed  is  in  any  way  deficient,  and 
cannot  be  said  to  have  furnished  even  approximately  a  good 
result — if,  for  example,  capsule  remains  in  it,  or  there  is  an  in- 
carcerated iris,  or  a  poor  pupil,  and  reading  and  writing  are 
only  undertaken  with  difficulty,  if  at  all — I  would  advise  that 
the  second  eye  be  operated  upon  with  the  hope  of  giving  a  more 
useful  eye.  But  if  the  eye  upon  which  an  operation  has  been 
performed,  has  good  vision,  say  f$  or  even  f-^  or  f-j},  and  No.  1 
Jaeger  can  be  read,  I  should  hesitate  very  much  about  operat- 
ing upon  the  second  eye.  Yet  I  have  always  done  so,  where 
the  patient,  knowing  the  slight  risks,  wished  to  take  them.  It 
26 
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is  an  operation  that  may  be  properly  performed,  but  not  urged 
upon  a  patient  or  bis  friends.  In  all  this,  I  am  speaking  of  the 
cataract  of  age,  and  not  that  of  youth,  nor  of  traumatic  cata- 
ract. 

Operations  for  cataract,  may  properly  be  performed  upon 
diabetic  patients,  those  suffering  from  chronic  Bright's  disease, 
and  upon  very  old  and  feeble  people.  Cataract  is  a  disease  of 
old  age,  of  prematurely  old  people,  and  of  those  who  are  from 
one  cause  or  another  somewhat  enfeebled.  We  cannot  always 
expect  to  find  vigorous  men  and  women  suffering  from  senile 
cataract,  and  we  should  take  our  chances  with  them,  if  the  local 
conditions  warrant  an  operation.  I  do  not  wish  to  be  under- 
stood by  this  as  saying  that  persons  with  average  physique  do 
not  have  senile  cataract.  This  is  notably  so,  especially  in  those 
with  astigmatism  or  myopia,  through  which  there  has  been 
considerable  accommodative  strain.  It  is  no  doubt  true  that 
local  as  well  as  constitutional  conditions  play  a  large  part  in 
the  formation  of  opacities  of  the  lens. 

Cataract  may  be  operated  upon  at  any  time  of  the  year,  but 
it  is  better  to  avoid  the  very  hot  months  for  operations  in  cities. 
A  hospital,  public  or  private,  is  the  most  suitable  place  for  such  an 
operation,  provided  the  hospital  be  a  quiet  one,  with  ophthalmic 
wards.  Better  opportunities  for  recovery  can  be  given  under 
such  circumstances,  than  in  the  best  of  homes.  Yet  I  have  op- 
erated successfully  in  tenement-houses,  and  I  cannot  say  that  I 
ever  saw  an  eye  lost,  from  the  character  of  the  building  in  which 
the  operation  for  cataract  was  performed.  With  a  little  care, 
the  essentials  for  success  can  be  provided  for  in  very  plain  apart- 
ments. Good  air  has  very  much  to  do  with  success  in  treatment. 
Cases  will  recover  sight  in  country  air,  that  would  not  do  so  in 
the  atmosphere  of  a  hospital  in  the  city.  But  the  average  cases, 
with  good  performance  of  the  operation,  will  do  well  under  al- 
most any  fairly  good  conditions. 

THE  RESULT  OF  AN  OPERATION  FOR  SENILE  CATARACT. 

In  some  and  happily  a  large  percentage  of  cases,  in  simple 
extraction,  or  simple  extraction  with  iridectomy,  the  cornea 
heals  promptly.  There  is  no  incarceration  of  iris  in  the  former 
class,  no  serious  iritis  in  either,  and  in  three  weeks  the  patient 
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is  going  about  out-of-doors,  with  blue  glasses,  and  with  very 
fair  vision.  Beyond  a  little  uneasiness  a  few  hours  after  the 
operation,  from  an  accumulation  of  mucus  and  tears  in  the  con- 
junctival sac,  and  a  little  tenderness  of  the  globe,  and  photo- 
phobia, such  patients  have  suffered  very  little  inconvenience, 
much  less  pain.  Glasses  are  fitted  to  the  eye,  and  they  finish 
their  days  with  excellent  vision.  But  although  these  cases  con- 
stantly occur,  they  are  ideal  in  their  course  and  progress.1  Many 
others  suffer  much  more,  and  yet  have  finally  very  useful  eyes, 
which  also  last  to  the  end  of  a  long  lifetime.  In  these  cases 
severe  iritis  may  set  in  from  the  fourth  even  to  the  twelfth  day, 
although  the  latter  limit  is  rather  long,  and  the  former  rather 
short.  In  such  eyes  the  lacbrymation,  the  pain,  and  the  exces- 
sive photophobia,  with  the  congestion,  soon  call  attention  to  the 
case.  If  the  corneal  wound  be  closed,  the  case  is  simply  one  of 
iritis,  which  is  to  be  vigorously  combated,  according  to  its 
severity,  with  frequent  instillations  of  a  two  or  four  grain  solu- 
tion of  sulphate  of  atropia,  or  a  one-grain  solution  of  scopolamine, 
with  leeches,  with  cold  or  hot  applications,  and  perhaps  with 
hypodermic  injections  of  pilocarpine.  If  the  inflammation  lead, 
as  it  may,  to  closure  of  the  pupil  by  a  membrane,  this  should  be 
divided,  but  not  until  all  the  other  inflammation  has  subsided, 
and  the  eye  has  been  quiet  for  several  weeks.  Incarcerated  iris 
it  is  better  to  leave  to  shrink  away,  unless  it  be  cut  off  in  the 
very  first  hours  of  its  occurrence. 

In  other  cases,  the  iritis  becomes  so  violent,  and  draws  with 
it  the  choroid,  the  vitreous  humor,  and  the  capsule  so  actively 
into  the  process  that  the  eye  is  finally  lost,  atrophy  ensues,  and 
it  may  become  a  source  of  irritation  to  be  removed.  This  latter 
effect  is  much  more  apt  to  happen  if  the  incision  be  made,  as 
Graefe  first  advised  in  his  operation,  too  far  from  the  limbus 
cornece,  in  fact  in  the  ciliary  region.  Such  an  incision  should 
never  be  wittingly  made,  but  it  must  always  be  in  the  clear 
corneal  tissue.  It  is  remarkable  that  so  great  a  surgeon  as 
Graefe,  could  have  advised  an  operation  with  an  incision  in  the 
scleral  region,  and  that  he  had  any  followers  in  its  performance. 


1 1  saw  one  ideal  case  in  the  practice  of  Dr.  W.  Oliver  Moore,  when  in  three 
days,  perfect  union  of  the  wound  had  occurred. 
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Incarcerated  iris  may  also  cause  an  irritable  and  painful  eye- 
ball. If  suppuration  of  the  cornea  or  of  the  iris  itself  occur, 
it  will  make  itself  known  in  not  less  than  fifty-six  hours.  Years 
after  a  successful  operation,  membranes  may  form  in  the  pupil, 
and  in  rare  instances  detachment  of  the  retina  may  occur.  For 
the  former  correction,  a  division  of  the  membrane  will  generally 
give  as  good  a  result,  as  an  operation  for  a  membrane  that  has 
formed  a  few  weeks  after  the  operation.  The  latter  condition 
is  hopeless. 

If  the  eyeball  undergoes  atrophy,  it  is  safer  to  remove  it  be- 
fore operating  upon  the  second  eye.  Left  behind,  it  may  be  a 
source  of  irritation.  If  tender  or  painful,  there  is  no  option,  it 
should  be  removed. 

Some  writers  have  laid  very  much  stress  on  the  recent  advances 
in  local  cleanliness  and  antiseptic  treatment  which  have  been  made 
since  the  investigations  of  Lister,  as  having  greatly  improved  the 
chances  of  a  succcessfnl  operation  for  extraction  of  cataract.  This 
is,  indeed,  true,  not  because,  in  my  opinion,  any  particular  applica- 
tions of  bichloride  or  carbolic  acid  solutions  have  been  made  to  the 
eye,  nor  because  the  anterior  chamber  has  been  sterilized,  as  it  was 
for  a  long  time  by  some  operators,  led  by  Panas,  of  Paris,  with  the 
injection  of  a  solution  of  biniodide  of  mercury,  but  because  every 
surgeon  has  learned  the  necessity  for  absolute  cleanliness  of  his  in- 
struments, of  the  seat  of  operation,  and  of  the  clothing  of  the  operator 
and  the  assistants.  It  is  remarkable,  however,  that  some  operators, 
who  lay  great  stress  upon  antiseptics,  will  operate  upon  the  eye  in 
aprons  and  gowns,  which  they  have  worn  while  treating  contagious 
cases.  The  operator  for  cataract,  should  protect  his  person  with  clean 
linen,  wash  his  hands  and  wrists,  and  look  after  his  finger-nails  as 
thoroughly  as  a  general  surgeon,  but  after  all  has  been  done,  and  a 
mechanically  perfect  operation  has  been  performed,  with  aseptic  in- 
struments and  aseptic  hands,  suppuration  of  the  cornea  or  iris  may 
occur.  One  of  the  most  important  factors  in  producing  suppuration 
of  the  cornea  or  of  the  iris,  after  a  cataract  operation,  in  my  opinion, 
is  what  is  known  as  "a  nervous  constitution"  of  the  patient.  By  this 
I  mean  a  fretful,  irritable  patient,  who  worries  about  all  affairs,  who 
may  nerve  himself  or  herself  up  to  the  bearing  of  the  operation — now 
not  a  great  task  since  cocaine  is  used, — and  then  lose  all  self-control 
immediately  after  the  operation  is  finished,  and  be  unable  to  sleep  or 
eat  until  all  hope  of  the  eye  is  gone. 
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I  recall  three  striking  cases  of  loss  of  eyes  in  such  temperaments. 
In  all  of  them  the  operation  was  perfect  in  technique.  In  the  two 
latter  cases  every  aseptic  precaution  had  been  exercised.  In  the  first 
case,  which  was  before  the  days  of  aseptic  surgery,  immediately  after 
the  operation,  the  patient  began  to  shake  her  head  and  to  move  about 
the  bed.  All  remonstrances  were  vain,  she  would  not  be  quiet  or 
control  herself  at  all,  and  suppuration  occurred  within  twenty-four 
hours,  with  complete  loss  of  the  eye.  In  the  second  case,  a  gentle- 
man of  intelligence  and  education  and  social  position,  had  been  wait- 
ing for  an  operation  for  fifteen  years,  or,  at  least,  had  been  waiting 
for  a  cataract  to  ripen  so  that  he  might  have  the  operation  performed. 
As  he  had  one  good  eye,  still  being  able  to  read  with  it,  I  protested 
against  his  taking  the  risks  of  an  operation,  but  he  fairly  insisted 
upon  it,  and  it  being  perfectly  justified,  the  eye  being  a  good  one  and 
in  apparently  a  good  healthy  subject,  I  extracted  the  lens.  He  also 
immediately  after  the  operation,  which  he  bore  very  well,  showed 
great  nervousness,  and  suppurative  iritis  set  in,  and  within  twenty- 
four  hours  his  e}'e  was  lost.  The  third  case  was  that  of  a  rather 
ignorant  woman,  prematurely  old  at  fifty-five  years  of  age,  who  also 
bore  the  operation  well,  had  no  pain  immediately  after,  but  was  very 
nervous  and  restless.  She  did  not  sleep  at  all  for  twenty  hours  after 
the  operation.  She  was  a  dyspeptic.  In  her  case  suppuration,  also 
in  the  iris,  set  in  in  about  fifty-six  hours  afterward.  Most  frightful 
panophthalmitis  followed,  through  which  she  nearly  lost  her  life 
through  exhaustion . 

The  surgeon  must  make  his  prognosis,  and  then  proceed  some- 
what according  to  the  temperament  of  his  patient.  A  case  will  not 
necessarily  do  well  because  the  patient  is  in  fairl}*  good  health  or 
necessarily  do  badly  because  his  health  is  feeble.  It  is  to  be  re- 
membered that  cataract  is  recruited  from  people  who  are  not  physi- 
cally strong  and  the  continued  waiting  for  blindness,  is  enough  in 
many  cases  to  completely  unnerve  the  system. 

As  I  have  intimated  in  other  parts  of  the  volume,  I  am  a  great 
believer  in  the  effect  of  constitutional  conditions  upon  local  parts. 
The  more  I  practise,  the  stronger  I  come  to  the  conclusion  that  there 
are  many  factors  beside  the  local  ones,  to  be  considered  in  the  treat- 
ment of  disease. 

Of  late  I  am  giving  patients,  upon  whom  I  operate  for  cata- 
ract, fifteen  or  twenty  grains  of  sulphonal  in  warm  water,  about 
three  hours  before  the  ordinary  time  for  retiring,  in  order  to 
quiet  the  nervous  system,  not  at  all  as  an  anodyne,  and  thus  far 
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I  am  well  pleased  with  the  results.  I  think  I  have  averted 
dangers  in  some  nervous  patients  by  the  use  of  this  drug. 

I  find  scopolamine  quite  as  efficient  as  atropine  in  the  treat- 
ment of  iritis  after  extraction  of  cataract,  and  I  now  use  a  solu- 
tion of  the  hydrobromate  of  scopolamine,  one  grain  to  the  ounce, 
in  cases  with  great  suppuration.  I  do  not  know  that  it  is  any 
better  than  atropine,  except  that  it  dilates  the  pupil  more 
promptly,  and  this  may  be  an  important  consideration  in  many 
cases. 

Dr.  W.  H.  Smith,  house  physician  to  the  Manhattan  Eye  and 
Ear  Hospital,  at  my  suggestion,  took  the  temperature  of  eighty- 
one  consecutive  cases  of  operation  for  cataract.  My  object  was 
to  learn  if  an  increase  or  depression  of  normal  temperature  in- 
dicated anything  in  the  progress  of  the  case.  A  careful  study  of 
these  details  showed  me  that  an  increase  of  temperature  always 
indicated  some  inflammatory  disturbance  in  the  eye,  and  that  it  is 
of  some  value  as  indicating  what  is  going  on  before  the  bandage 
is  removed.  If  I  should  see  the  temperature  at  all  elevated  in 
the  course  of  recovery  from  a  cataract  operation,  I  should  ex- 
pect some  iritis  or  capsulitis.  If  it  were,  on  the  other  hand,  de- 
pressed, it  would  indicate  failure  of  nutrition,  and  I  should 
stimulate  such  a  patient.  These  details  will  probably  be  pub- 
lished in  full  in  the  Report  of  the  Manhattan  Eye  and  Ear  Hos- 
pital, but  their  general  indications  may  be  found  in  what  I  have 
said.  I,  therefore,  think  it  of  considerable  importance  to  note 
the  temperature  twice  a  day  after  an  operation  for  cataract. 

OPERATIONS  FOR  SOFT  CATARACT. 

The  operations  for  membranes  in  the  pupil  have  already  been 
described.  But  there  remain  a  few  words  to  be  said  in  regard 
to  the  operations  for  soft  cataract,  and  the  treatment  of  trau- 
matic cataract.  In  the  total  soft  cataract  of  childhood  and  in- 
fancy, discission  should  be  practised  at  an  early  period.  The 
first  incisions  with  the  needle  should  be  delicately  made,  and  the 
subsequent  ones  be  regulated  entirely  by  the  grade  of  the  reac- 
tion. Children's  eyes  should  not  be  bandaged  after  these  opera- 
tions, but  they  should  be  kept  in  semi-darkened  rooms  with 
their  eyes  shaded,  atropia  or  scopolamine  instilled,  and  cold  ap- 
plications made  according  to  the  pain,  redness,  swelling  of  the 
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lens,  and  so  forth,  the  hands  of  the  little  patient  being  confined 
so  that  it  cannot  reach  its  eyes.  The  pupil  is  to  be  kept  well 
dilated,  and  if  too  .much  lens  matter  escape  and  the  eyeball 
become  hard  (secondary  glaucoma),  it  should  be  evacuated 
by  linear  extraction.  In  some  cases  of  soft  cataract,  after  nee- 
dling, the  anterior  chamber  becomes  filled  up  with  lens  matter 
as  soon  as  the  needles  wound  the  lens,  which  should  at  once 
be  evacuated,  as  far  as  possible,  by  a  linear  extraction. 

Traumatic  cataract  deserves  a  consideration  by  itself,  be- 
cause it  is  possible  to  save  many  an  eye  in  which  this  injury  has 
been  done,  if  the  proper  precautions  be  taken.  If,  immediately 
after  the  accident  which  has  produced  the  cataract,  the  opacity 
of  the  lens  advances  slowly,  we  may  defer  an  operation,  but  if  the 
lens  swell,  we  must  operate  at  once,  by  linear  incision,  by  syring- 
ing, or  suction.  I  prefer  the  latter  method,  but  the  high  praise 
awarded  the  former  procedure  has  led  me  to  fully  describe  this 
operation,  and  to  note  its  applicability  to  many  cases  of  soft 
cataract  section,  to  which  syringing  of  the  anterior  chamber 
may  be  added  (see  Chapter  X.). 

For  shrivelled  lenses  with  thickened  capsules,  iridectomy, 
with,  if  necessary,  an  extraction  of  the  whole  mass  by  forceps, 
may  be  performed.  Zonular  and  anterior  and  posterior  polar 
cataracts  seldom  require  an  operation.  If  any  operation  is  re- 
quired, an  iridectomy  may  be  performed.  The  cyclitis  likely  to 
occur,  may  be  deprived  of  serious  effects  by  keeping  the  pupil 
well  dilated  with  atropia  or  scopolamine  and  by  the  use  of  iced 
clothes  and  leeches.  Sometimes  it  is  only  necessary  to  use 
atropia,  and  at  others  all  the  agents  for  subduing  iritis  will  be 
needed.  But  just  as  in  soft  cataract  after  discission,  if  the  lens 
swells  very  much  and  masses  protrude  into  the  anterior  cham- 
ber, they  should  be  removed. 

A  fuller  discussion  than  was  allowable  in  the  chapter  on  op- 
erations, will  be  undertaken  in  the  next  chapter,  in  regard  to 
the  character  of  the  incision  made  in  the  extraction  of  cataract. 


CHAPTEE   XXIV. 

CATARACT     (Concluded)  —  DISLOCATION    OF     THE 
LENS.—  LENTI-CONUS. 

The  Shape  of  the  Flap  in  Extraction. — Linear  Wound  Heals  More  Easily  than  a 
Flap. — The  Different  Sections  from  the  Time  of  Daviel  to  the  Present. — 
Teale's  Method. — -Conjunctival  Flap. — Removal  of  Lens  in  its  Capsule. — His- 
tory of  the  Operation  of  Extraction. — Mr.  James  Ware,  Percival  Pott,  Baron 
de  Wenzel. — Glaucoma  after  Extraction  of  Cataract. — Glaucoma  Occurring 
during  the  Formation  of  Cataract — The  Operation  of  Suction  for  the  Re- 
moval of  Cataract. — Heredity  in  the  Development  of  Cataract. — The  Statis- 
tics of  the  Results  of  the  Operation. — The  Author's  Own  Results. — Disloca- 
tion of  the  Lens. — Agnew's  Method  of  Extracting  Dislocated  Lenses. — 
Lenti-Conus. 

The  history  of  the  operation  of  extraction  of  cataract,  like 
most  great  advances  in  any  science,  is  exceedingly  interesting. 
It  is  generally  conceded  that  Frangois  Daviel,  was  the  first  to 
recommend  and  practise  extraction  by  what  is  called  the  "cor- 
neal flap."  This  was  in  the  year  1747.  In  the  language  of 
Stellwag,  "he  is  the  famous  founder  of  the  modern  technique  in 
the  operation  for  cataract."  He  has  had  a  happier  fate  than 
most  of  the  distinguished  surgeons  of  the  world,  since  a  statue 
has  been  erected  to  his  memory.  We  can  almost  count  on  the 
fingers  of  our  hand,  the  statues  to  medical  discoverers  in  the 
civilized  world.  It  is  true,  that  among  the  Arabs  and  Persians 
and  in  the  seventeenth  and  eighteenth  centuries,  cataracts  were 
extracted  by  German  and  French  surgeons.  As  far  as  can  be 
determined,  they  used  needles,  hooks,  and  forceps  in  order  to 
remove  the  lens  from  its  position,  and  take  it  out  of  the  eye. 
But  the  procedures  were  so  severe,  that  they  never  came  to  any 
general  acceptance.  Daviel,  opened  the  anterior  chamber  from 
the  lower  scleral  border,  with  a  knife  curved  on  the  flat,  and 
enlarged  the  wound  on  both  sides  with  a  double-edged  knife. 
Then  he  introduced  curved  scissors  between  the  cornea  and  the 
iris,  and,  always  adhering  to  the  limbus,  he  made  a  flap  which 
was  nearly  two-thirds  of  the  cornea,  and  whose  base  was  a  little 
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above  the  pupil.  This  flap  was  turned  over  by  means  of  a 
spatula  and  the  anterior  capsule  was  divided  by  a  sharp  needle, 
and,  in  case  of  necessity,  a  circular  opening  made,  so  as  to  be 
able  to  draw  it  out  with  the  forceps.  The  lens  was  taken  out 
by  a  spatula,  shoved  under  its  upper  border  with  slight  pressure. 
After  the  flap  was  replaced  in  its  normal  position,  the  cataract 
was  extracted  by  the  gentle  pressure  of  two  fingers  on  the  lower 
portion  of  the  anterior  zones  of  the  sclera.  The  cortical  sub- 
stance was  removed  with  a  curette.  Of  2(10  cases,  Daviel  re- 
cords 182  favorable  results — not  as  good  a  percentage  as  can 
be  obtained  now.  It  is  to  be  remembered,  however,  that  the 
tests  were  by  no  means  as  exact  as  now,  and  mere  ability  to 
get  about  and  see  large  objects  would  perhaps  be  considered  a 
''favorable  result."  A  few  years  after,  Pallucci  endeavored  to 
simplify  the  procedure.  He  made  the  cut  in  the  flap  with  a 
peculiar  needle,  cutting  at  its  neck,  which  he  entered  deep  under 
the  oblique  diameter  of  the  cornea,  near  the  scleral  border,  and 
then  pushed  it  out.  The  flap  is  a  very  short  one.  Its  border 
was,  at  least,  two  millimetres  from  the  edge  of  the  cornea. 
Pallucci  also  enlarged  the  section  with  scissors.  The  cataract 
was  removed  by  pressure  on  the  globe.  I  have  quite  often  had 
occasion  to  enlarge  the  incision  in  the  cornea  with  scissors, 
and  I  do  not  think  such  an  enlargement  militates  at  all  against 
the  success  of  the  operation.  While  writing  these  lines,  I  have 
seen  an  old  lady  of  eighty -four,  in  whose  case  I  was  obliged  to 
make  such  an  enlargement  a  year  ago,  when  I  extracted  a 
cataract.  This  patient  had  had  a  preliminary  iridectomy,  and 
although  she  had  a  severe  and  tedious  iritis,  the  result  is  most 
excellent.  Her  vision  is  f{}.  She  reads  the  finest  type  with 
ease,  and  has  done  so  for  nine  months. 

Beturning  to  the  history  of  this  operation,  we  observe  that  A. 
G.  Eichter  opened  the  cornea  with  his  straight-pointed  cataract 
knife  with  a  convex  cutting  surface.  He  divided  the  capsule 
thoroughly  in  all  directions  in  order  to  avoid  membranous  cata- 
ract. Beer,  in  1817,  laid  down  the  principle,  that  the  corneal 
section  must,  in  the  first  place,  be  sufficiently  large,  so  that  not 
the  slightest  hindrance  can  come  to  extracting  the  lens  from  the 
eye.  and  he  thought  it  only  large  enough  when  the  half  of  the 
cornea,  as  near  as  possible,  is  opened  on  its  border.     In  the  sec- 
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ond  place,  he  insisted  that  it  must  have  a  good  shape,  and  this 
consists  in  having  the  lips  of  the  wound  well  rounded. 

It  was  Beer's  knife  which  was  used,  with  very  little  modi- 
fication, until  Graefe's  narrow  knife  was  invented.  It  is  a 
much  more  difficult  knife  to  manage  than  the  narrower  ones, 
as  those  of  us  who  began  to  operate  with  it,  bear  in  vivid  re- 
membrance. Daviel  operated  with  his  patients  in  the  sitting 
posture,  and  I  saw  Junke  operate  in  the  Berlin  clinic  in  this 
way,  in  1863.  Mooren,  in  1862,  endeavored  to  avoid  the 
dangers  from  the  mechanical  irritation  of  the  iris,  and  the  re- 
maining behind  of  pieces  in  the  extraction  of  the  lens  and  of 
the  cortex,  by  preceding  the  cataract  extraction  with  an  iridec- 
tomy, at  least  fourteen  days  before.  Jacobson  finally  united 
the  iridectomy  with  the  extraction  of  the  lens. 

SECTIONS    FOR    EXTRACTION    OF    CATARACT    FROM    THE    TIME    OF 

DAVIEL. 


Crittchet. 


Graefe. 


Graefe. 


SECTIONS    FOR    EXTRACTION    OP   CATARACT. 
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Horner. 


Weeker. 


Stellwag. 


A  study  of  the  different  attempts  to  improve  the  operation 
for  extraction  of  cataract  since  the  time  of  Davie],  is  most  in- 
teresting. The  figures  here  given,  taken  from  Stellwag's  mon- 
ograph,1 show  these  changes  very  graphically.  If  suppuration 
depends  on  the  size  of  the  flap,  then  Daviel's  flap  would  seem 
to  invite  it,  and  yet  his  statistics  of  results  were  fairly  good, 
although  I  am  not  able  to  say  how  many  of  the  failures  were 
due  to  suppuration.  It  will  be  observed  that  Daviel,  Palucci, 
Richter,  Beer,  Weber,  and  Liebreich,  made  sections  in  the 
lower  part  of  the  cornea.  Such  sections  are,  I  believe,  uni- 
versally abandoned,  and  for  good  reason.     The  danger  to  the 

'"  Neue  Abhandlungen  aus  dem  Gebiete  der  praktischen  Augenheilkunde, " 
page  214. 
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edge  of  the  wound  from  inverted  lids  and  cilia  is  very  consider- 
able. Cases  have  been  lost,  from  the  rubbing  of  the  lids  on  the 
lower  section.  I  believe,  by  general  consensus,  we  have  come 
down  to  about  such  incisions  as  those  of  Wecker  and  Stellwag. 
It  was  a  colossal  error  of  Graefe's,  distinguished  as  is  his 
service  in  Ophthalmology,  to  make  a  linear  incision  at  all  in- 
volving the  ciliary  region.  This  was  to  invite  sympathetic  irri- 
tation, and  so  it  proved.  More  eyes  were  lost  from  sympathetic 
irritation  during  the  days  when  this  operation  was  being  gen- 
erally performed,  than  at 
any  time  before  or  since. 
Mr.  Teale,  the  veteran  sur- 
geon of  Leeds,  lays  great 
stress  on  a  linear  section, 
as  has  been  intimated,  and 
the  drawing  of  Jiis  method 
presented  on  this  page, 
illustrates  this  very  well. 
This  section  is  made  with 
a  narrow  knife,  almost 
identical  with  Taylor's, 
marked  No.  822  in  Weiss' 
catalogue.  I  do  not  think 
that  this  knife  is  neces- 
sary, but  I  think  that  the  principle  of  a  small  flap,  without  an 
iridectomy,  is  a  good  one. 

I  am  persuaded  that  the  best  operation  in  most  cases  is  an 
upward  section,  not  too  large,  but  large  enough  to  admit  the  easy 
escape  of  the  lens,  not  too  close  to  the  margin,  lest  prolapsus  of 
the  iris  occur,  and  without  iridectomy.  Dr.  Webster,  of  the 
Manhattan  Eye  and  Ear  Hospital,  prefers  to  make  a  conjunc- 
tival flap.  To  this  I  have  no  objection,  although  I  do  not  think 
it  essential.  But  I  earnestly  warn  young  operators  against  an 
incision  involving  the  ciliary  region,  from  the  danger  of  sym- 
pathetic irritation  and  prolapse  of  the  iris.  Although  I  have 
given  up  the  general  use  of  my  operation  of  removal  of  the 
lens  in  its  capsule,  I  still  think  it  applicable  to  a  certain  class 
of  cases.  Especially  is  it  useful  where  unmanagable  patients  of 
intemperate  habits,  are  pretty  sure  to  have  severe  iritis  after  a 
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-Showing    Teale's   Knife  and   Section,  in 
the  Extraction  of  Cataract. 
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cataract  extraction.  If,  in  such  cases,  we  can  remove  the  lens 
in  its  capsule,  even  if  we  lose  a  little  vitreous,  we  stand  a  better 
chance  of  saving  the  eye  and  giving  good  sight,  than  if  severe 
iritis  and  incarceration  of  the  iris,  as  they  are  apt  to  occur  in 
such  subjects,  finally  block  up  the  pupil,  and,  after  a  long 
period  of  inflammation,  cause  the  loss  of  the  eye  from  irido- 
choroiditis. 

I  have  just  involuntarily  removed  a  lens  with  its  capsule  in  the 
case  of  a  woman,  who  had  no  control  over  herself.  The  moment 
the  section  was  finished,  she  snapped  her  eyes  together  with  great 
force,  extruding  the  lens  in  its  capsule  with  a  portion  of  the  vitre- 
ous humor.  She  made,  however,  an  exceedingly  good  recovery, 
with  a  clear,  black,  and  large  pupil,  the  iris  being  turned  under 
as  it  is  apt  to  be  in  this  operation.  In  such  cases  as  this,  cocaine 
fails  to  be  an  efficient  local  amesthetic,  but  anything  would  fail 
with  such  patients.  I  have  had  similar  ones  where,  anticipating 
trouble,  I  have  performed  a  preliminary  iridectomy,  had  the 
patients  drilled  in  the  technique  of  the  operation,  and  yet  at  last, 
unable  to  control  themselves,  they  pushed  out  the  lens.  I  have 
observed  that  the  flaps  in  the  cases  of  extraction  of  the  lens 
with  the  capsule,  heal  much  less  readily  than  those  of  ordinary 
simple  extraction.  This  is  probably  due  to  the  fact,  that  the 
iris  is  pushed  a  little  out  of  place,  when  the  lens  emerges,  and 
that  this  assists  in  causing  the  wound  to  gape.  The  bandage  is 
needed  longer  in  this  case,  than  in  simple  extractions.  I  gave 
up  this  operation  for  general  performance,  because  the  advan- 
tage of  avoidance  of  pupillary  membrane  was  not  secured,  or,  at 
least,  membranes  sometimes  formed  in  the  anterior  part  of  the 
vitreous,  which  were  quite  as  troublesome. 

All  observers  agree  that  a  flap  operation,  that  is  to  say,  the 
flap  of  good  size,  allows  the  lens  to  escape  more  readily,  but 
that  a  linear  wound  heals  more  easily  and  with  greater  rapidity. 
This  speaks  for  Teale's  and  Liebreich's  operations,  the  former 
of  which  is  almost  linear,  and  the  latter  approximates  it.  So 
long  as  the  linear  wound  is  not  made  in  the  sclero-corneal  junc- 
ture, I  am  very  much  in  favor  of  this  approximation  to  such  a 
shape,  and  an  avoidance  of  a  large  flap.  This  can  be  accom- 
plished by  turning  the  edge  of  the  knife  upward,  and  cutting 
out  pretty  rapidly. 
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Mr.  James  Ware,  the  famous  London  surgeon,  who  added  to  our 
knowledge  the  statistics  of  myopia  in  Great  Britain,  as  long  ago  as 
1801, '  very  strongly  advocated  extraction  instead  of  depression  of 
cataractous  lenses  and  discission  in  the  soft  cataracts  of  young  per- 
sons. It  is  remarkable  that  reclination  continued  to  be  practised  in 
such  medical  centres  as  New  York  and  Philadelphia,  until  about 
1850,  when  Daviel  in  the  middle  of  the  eighteenth  century,  and  Ware 
at  the  very  beginning  of  the  nineteenth,  so  earnestly  urged  ex- 
traction upon  the  profession.  It  is  interesting  to  note  in  Mr. 
Ware's  remarks  on  the  subject,  that  he  says  nothing  of  using  any 
mydriatic  after  the  operation,  but  the  dressings  seem  to  have  been 
entirely  without  any  such  agent.  In  a  few  cases,  where  there  is  a 
susceptibility  to  belladonna  poisoning,  the  surgeons  of  the  present 
day  are  obliged  to  dispense  with  the  use  of  atropia,  or  any  mydri- 
atic, for  where  an  eye  reacts  unfavorably  to  atropia,  it  seems  also  to 
act  in  the  same  way  to  duboisia,  homatropine,  and  cocaine.  They 
are  very  much  embarrassed,  while  the  surgeons  who  had  no  mydri- 
atics, seem  to  have  secured  very  good  results,  after  extraction, 
without  them.  But,  as  has  been  already  said,  the  means  for  deter- 
mining vision,  have  been  rendered  so  accurate  in  modern  times, 
that  we  cannot  necessarily  assume,  because  they  speak  of  getting 
good  results — the  patient  being  able  to  see  objects,  count  fingers, 
notice  the  color  of  things,  and  so  forth — that  they  saw  well  enough 
to  read.  Baron  de  Wenzel,  the  reputed  author  of  the  famous 
apothegm,  that  "  a  man  must  spoil  a  hatful  of  eyes  before  he  could 
save  one,"  also  recommended  extraction  in  preference  to  reclination, 
while  the  celebrated  Percival  Pott,  in  1775,  argued  for  reclination. 
Mr.  Ware  concludes  from  his  observations  on  cataracts,  when  children 
are  born  blind  in  consequence  of  having  cataracts,  they  are  never  so 
totally  deprived  of  sight  as  not  to  be  able  to  distinguish  colors,  and 
he  also  shows,  that  whatever  objects  they  could  make  out  when 
they  came  within  the  distance  at  which  they  could  see  them,  they 
could  tell  whether  they  were  brought  nearer  to  or  carried  farther 
from  them.  Mr.  Ware  found  also  that  the  congenital  cataracts 
were  usually  soft. 

I  have  never  treated  but  one  case  of  extraction  of  cataract, 
absolutely  without  a  mydriatic.     In  this  instance,  that  of  simple. 
extraction  in  an  old  man,  the  eye  was  so  entirely  without  in- 
flammatory reaction  on  being  opened  on  the  seventh  day,  that  I 
concluded,  although  there  was  soft  lens  matter  in  the  pupil,  not 

1  Transactions  of  the  Royal  Society,  1801,  p.  382. 
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to  drop  anything  in  the  eye,  lest  I  might  set  up  an  irritation. 
The  patient  made  a  perfect  recovery,  the  lens  matter  was  com- 
pletely absorbed  without  any  secondary  operation,  and  without 
the  use  of  any  mydriatic  whatever. 

Suction  in  Cataract. — Dr.  Lucien  Howe '  goes  so  far  as  to 
even  recommend  suction  in  removing  a  lens,  for  which  the  corneal 
wound  lias  not  been  made  large  en<  nigh.  In  certain  cases  of  this  kind, 
he  takes  an  ordinary  drop  tube,  changes  the  curvature  of  the  end  and 
enlarges  it.  Latterly  he  had  them  blown,  with  an  opening  sufficiently 
narrow  in  one  direction  and  long  in  the  other  to  enable  these  points 
to  fit  somewhat  exactly  upon  the  edge  of  the  partly  projecting  lens. 
A  piece  of  thick  rubber  tubing  is  fastened  to  the  glass  tube,  and  the 
other  end  is  held  between  the  lips,  while  the  glass  point  is  attached 
to  the  lens.  The  globe  of  the  eye  is  drawn  down  with  the  left  hand, 
and  the  tube  is  applied  to  the  lens  with  the  right.  With  proper 
suction,  Dr.  Howe  says  that  the  projecting  portion  is  at  once  engaged 
in  the  mouth  of  the  tube,  and  very  slight  traction  is  necessary  to  re- 
move it,  compared  with  the  pressure  usually  exerted  on  the  cornea 
for  this  purpose.  I  agree  with  Dr.  Gruening  who  said,  in  the  dis- 
cussion of  this  subject,  that  if  the  section  is  too  small,  it  should  be 
enlarged.  An  enlargement  of  the  section  is  by  no  means  attended 
by  any  danger  to  the  eye. 

Dr.  Mathewson,  of  Brooklyn,  recommends,  in  cases  where  the 
nucleus  does  not  readily  escape,  that  an  assistant  with  a  double  hook 
rotate  the  lens  from  one  edge  to  the  other. 

Dr.  A^alk  (New  York)  uses  a  variety  of  spoon,  an  iris  retractor 
to  keep  the  iris  back  while  the  lens  is  forced  out. 

All  these  various  suggestions,  each  of  them  having  some  value 
probably,  in  the  hands  of  their  inventors,  show  that  in  the  operation 
for  cataract  many  conditions  may  occur  which  will  need  considerable 
ingenuity  on  the  part  of  the  operator,  in  order  to  successfully  over- 
come them.  However  many  times  the  surgeon  may  have  operated, 
he  will  find  that  conditions  of  embarrassment  may  occur  in  certain 
cases  which  will  require  means  which  he  had  not  before  thought  of, 
in  order  to  insure  a  safe  evacuation  of  the  lens.  It  is  amazing  what 
difficulties  may  occur  in  an  operation,  and  yet  be  successfully  over- 
come, and  a  good  result  follow,  while,  on  the  other  hand,  it  is  also 
surprising  that  operations  performed  under  the  most  favorable  cir- 
cumstances, with  the  most  careful  technique,  as  has  been  before  in- 
timated, will  sometimes  fail  to  secure  a  successful  result. 

1  Transactions  of  the  American  Ophthalmological  Society,  1893. 
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GLAUCOMA   AFTER  EXTRACTION   OF   CATARACT. 

Among  the  deplorable  mishaps  which  may  possibly,  but,  for- 
tunately, not  often,  occur  after  extraction  of  cataract,  is  glau- 
coma. This  subject  has  been  alluded  to  in  the  discussion  of  this 
disease,  but  it  should  now  be  more  fully  considered  as  one  of  the 
possibilities  after  an  extraction. 

Sir  William  Bowman1  in  1865  says  that  glaucomatous  ten- 
sion is  particularly  apt  to  come  on  after  needle  operations  fol- 
lowing flap  extraction,  where  the  pupil  is  small,  and  disposed 
by  the  integrity  of  the  sphincter  muscle,  to  remain  small  after- 
ward, as  well  as  to  suffer  at  the  moment  from  the  dilating  force 
of  the  needles. 

Graefe,  in  1869, 2  says  that  glaucoma  after  cataract,  is  due  to 
the  swelling  of  remnants  of  cortex  in  the  anterior  chamber, 
which  irritates  the  posterior  surface  of  the  iris  and  ciliary  pro- 
cesses, especially  if  the  pupil  is  small,  and  also,  there  may  be, 
Graefe  continues,  displacement  of  the  capsule,  with  traction  and 
irritation  of  adherent  ciliary  processes,  especially  when  the  cap- 
sule is  tough  and  opaque,  or  has  opaque  stripes. 

Priestley  Smith  summarizes  the  process  as  follows :  The  lens 
is  removed  without  rupture  of  the  suspensory  ligament  and 
capsule;  plastic  iritis,  possibly  due  to  the  retention  of  cortical 
fragments,  sets  in,  and  the  iris  adheres  throughout  to  the  sus- 
pensory ligament  and  capsule.  These  membranes  and  the  open- 
ing are  coated  over  with  lymph.  A  thick,  impervious  partition 
is  thus  created  between  the  aqueous  and  vitreous  chambers,  the 
tension  increases  in  the  vitreous,  the  angle  of  the  anterior  cham- 
ber is  closed,  a  certain  amount  of  turbid  fluid  is  imprisoned  in 
the  anterior  chamber,  intense  glaucoma  rapidly  occurs. 

Collins,3  after  a  study  of  ten  cases,  concludes  that  the  adhe- 
sion of  the  capsule  of  the  lens  to  the  scar  in  the  cornea,  afte 
extraction  of  cataract,  strongly  predisposes  the  eye  to  glaucoma. 
In  some  cases,  this  adhesion,  combined  with  an  entanglement 
of  the  iris,  is  sufficient  to  light  up  an  attack. 

Of  1,405  senile  cataracts  extracted  at  Moorfields  Hospital,  in 

1  Ophthalmic  Hospital  Reports,  vol.  iv.,  p.  365. 

2  Ophthalmic  Hospital  Reports,  vol.  viii.   (translation). 

3  Transactions  of  the  Ophthalmological  Society  United  Kingdom,  vol.  x. 
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London,  from  1885  to  the  middle  of  1880,  nine  were  lost  from 
glaucoma,  or  0.64  per  cent. 

I  have  operated  upon  three  cases  where  glaucoma  occurred 
in  the  course  of  the  development  of  senile  cataract,  but  not  as 
the  result  of  an  operation. 

HEREDITY   IN   CATARACT. 

Heredity  is  an  important  factor  in  the  formation  of  senile 
cataract.1  I  have  operated  upon  father  and  daughter,  and 
cousin  of  the  father,  in  one  family,  and  an  aunt  of  the  cousins 
was  operated  upon  by  another  surgeon,  while  another  cousin  had 
senile  cataract,  but  he  died  before  the  time  set  for  the  operation. 
I  also  know  of  a  nephew,  a  man  between  fifty  and  sixt}'  years 
of  age,  who  is  now  affected  with  incipient  senile  cataract.  In 
still  another  family,  I  operated  upon  the  father  and  two  sons. 
And  these  instances  can  be  repeated  in  the  practice  of  every 
surgeon  who  has  seen  much  of  ophthalmic  disease. 

Two  other  cases,  brothers,  in  whom  I  have  now  operated 
upon  both  eyes,  are  remarkable,  because  they  are  both  under- 
sized men,  with  good  mental  capacity  however,  and  microph- 
thalmia Their  eyes  as  to  the  cornea  certainly,  and  apparently 
as  to  the  eyeballs,  are  about  half  the  size  of  ordinary  adults, 
even  of  those  below  the  medium  size.  The  lenses  bore  no  such 
disproportion  in  size  to  those  of  ordinary  eyes,  as  did  the  cornea. 
They  were  comparatively  large.  The  vertical  diameters  of  the 
second  brother's  cornese  is  6  mm.,  the  horizontal  only  7  mm. 
That  of  the  older  is  not  greater. 

Priestley  Smith,2  after  examining  500  eyes,  250  males  and 
25<»  females,  gives  "the  healthy  cornea  of  the  living  eye  of  per- 
sons between  five  and  ninety  years  of  age  an  average  horizontal 
diameter  of  11.6  mm." 

The  first  brother,  Floyd  P.,  was  28  years  of  age  when  I  operated 
upon  the  right  eye,  October  22,  1880,  after  vainly  attempting  to  pro- 
duce absorption  by  needling  the  lens.  Making  no  impression  upon 
it,  I  removed  the  lens  by  Graefe's  method,  and  good  vision  resulted. 
Later,  in  November,  I  operated  upon  his  fellow-eye,  also  successfully, 

1  Archives  of  Ophthalmology,  vol.  xx..  No.  2,  1891,  pp.  230-232. 
!  Transactions  of  the  Ophthaimological  Society  of  the  United  Kingdom. 
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and  in  February,  1880,  upon  his  brother's  eye,  and  finally,  in  Janu- 
ary, 1891,  upon  his  fellow-eye. 

All  of  the  operations  have  been  successful,  but  all  have  required 
secondary  operations  except  the  last.  The  second  brother  had  a  dif- 
fuse opacity  of  the  upper  part  of  the  cornea,  which  disappeared  in  ten 
days  after,  under  the  use  of  calomel.  I  am  inclined  to  think  that 
this  opacity  was  due  to  the  too  prolonged  use  of  cocaine,  as  he  was 
very  timid  and  insisted  on  having  a  great  deal  used. 

RESULTS   OF   THE   OPERATION. 

It  is  undeniable  that  the  proportion  of  successful  cases  in  a 
given  number  of  cases  of  senile  cataract  has  increased  notably 
in  the  last  twenty-five  years.  While  Horner's  statistics  may 
be  a  little  too  flattering  (Horner  makes  97f  per  cent  of  suc- 
cesses), it  may  be  safely  stated  that  about  90  per  cent  of  cases 
carefully  selected  for  operation,  as  affording  a  good  prog- 
nosis, will  furnish  good  results.  If  cases  are  taken  just  as  they 
come,  and  every  one  operated  upon  that  offers  the  slightest  hope 
of  success — which  is  proper  action  on  the  part  of  the  surgeon, 
for  the  patients  remain  blind  without  interference — the  propor- 
tion is  not  nearly  so  high,  but  even  then,  judging  from  251 
consecutive  cases  occurring  in  my  own  practice,  where  many 
should  have  been  excluded,  if  only  those  affording  an  excellent 
prognosis  were  operated  upon,  217,  or  8G  per  cent,  received 
useful  vision  as  the  result  of  the  operation.  A  substitution  of 
cocaine  for  ether  or  chloroform,  in  operating,  the  removal  of 
many  of  the  unnecessary  restrictions  on  the  patient,  and  the 
knowledge  of  antiseptic  precautions,  are  the  factors  which 
have  produced  this  advance  in  surgery,  and  made  the  prog- 
nosis so  good  in  such  a  large  proportion  of  instances.  Yet, 
under  the  most  favorable  circumstances,  as  has  been  shown  in 
the  preceding  pages,  an  eye  may  be  lost,  while  under  untoward 
ones  vision  may  be  restricted.  There  is  no  field,  however,  in 
surgery  which  offers  more  brilliant  results  than  this  of  extrac- 
tion of  cataract,  and  nowhere  besides  perfect  technique  in  the 
operation,  will  great  experience  and  good  judgment  in  the  after- 
treatment,  be  of  more  avail.  Experienced  operators  continue, 
,as  in  the  time  of  Baron  Wenzel,  to  be  the  best  operators. 
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DISLOCATION   OF   THE   LENS— ECTOPIA   LENTIS. 
(£k,  from  ;  Tii-iir.  place.) 

This  may  be  a  congenital  affection,  in  which  case  it  is  nsn 
ally  only  partial,  and  the  same  condition  exists  in  each  eye. 
Sometimes  a  congenitally  dislocated  lens  is  also  cataractous.  In 
this  case,  it  is  probable  that  the  dislocation  is  the  result  of  the 
partial  absorption  of  the  lens.  In  adult  life,  a  traumatic  cata- 
ract unremoved  is  apt  to  end  in  dislocation  of  that  part  of  the 
lens  that  is  not  absorbed.  Partial  dislocations  or  displacements 
may  occur. 

A  case  of  this  kind  in  my  practice  was  that  of  a  man  of  34,  in 
whom  the  lens  was  displaced  by  a  blow  or  scratch  from  a  finger-nail 
on  the  temporal  side  of  the  cornea.  Slight  pain  and  inflammation 
followed.  When  these  subsided,  the  patient  found  his  vision  blurred, 
and  he  had  monocular  polyopia.  "Street-lamps  looked  like  comets." 
His  vision  was  v,-,,",,.  With  — 1.20  it  became  I  J|-.  His  far-point  for 
No.  1  Jaeger  was  7  inches,  near  4  inches.  In  the  fellow-eye,  V  = 
Irs  !  <~h  =  h  The  pupil  of  the  injured  eye  was  contracted  and 
sluggish.  Under  atropia  R.  E.  has  f^.  —130  removes  the  blur,  but 
does  not  enable  the  patient  to  see  any  more  letters.  The  ophthal- 
moscope show  an  opacity  of  the  nasal  side  of  the  lens,  and  a  tipping 
of  the  lens.  Eighteen  days  after,  the  patient  having  used  atropia 
daily  for  ten  days,  he  found  that  he  had  suddenly  recovered  his  dis- 
tant acuteness  of  vision.  Six  months  after  I  examined  his  eyes  and 
found  Y=  H",  and  the  patient  stated  that  he  had  had  no  trouble 
since  the  Christmas  morning  after  the  accident,  when  he  found  that 
the  blur  was  gone. 

Astigmatism  is  said  in  the  notes  to  have  existed,  but  no  cylindric 
glass  improved  it. 

Dislocated  lenses  usually  become  cataractous,  but  in  some 
cases  they  remain  transparent.  I  have  known  one  lens,  in  a 
case  of  double  dislocation,  to  become  opaque  while  the  other  re- 
mained clear.  This  refraction  is  variously  affected  by  disloca- 
tion of  the  lenses.  In  congenital  cases  the  lens  usually  lies  out 
of  the  visual  line,  when  of  course  the  refraction  is  highly  hy- 
peropic.  One  of  my  little  patients  of  this  class  wears  a  glass 
over  each  eye  of  plus  seven  diopters.  Dislocated  lenses  very  often 
act  as  foreign  bodies,  and  cause  choroiditis,  with  utter  loss  of 
vision.     The  diagnosis  is  not  always  easy,  but  it  is  generally  so. 
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The  tremulous  iris  is  never  absent  in  complete  dislocations.  The 
lens  may  lie  in  the  anterior  chamber.  In  rare  cases  it  is  dislo- 
cated under  the  conjunctiva.  This  occurs  when  a  severe  blow 
has  ruptured  the  sclera  and  left  the  cornea  uninjured. 

Treatment. — When  the  lens  is  producing  inflammation,  it 
should  be  removed.  This  is  sometimes  difficult,  and  various 
operations  have  been  invented  for  this  removal.  One  of  the 
difficulties  in  the  way  of  a  successful  extraction  of  the  lens  is, 
that  on  patients  lying  down,  it  may  fall  so  far  back  into  the 
vitreous  that  it  cannot  readily  be  got  out.  The  vitreous  is  lost 
in  such  quantity  that  removal  of  the  eyeball  is  necessitated. 
If  the  lens  do  not  show  this  mobility,  but  remains  in  position, 
when  the  patient  is  lying  down,  the  simple  operation  of  making 
a  good  flap  in  the  cornea,  and  then  removing  the  lens  with  a 
spoon  or  a  curette,  furnishes  no  particular  difficulty.  Several 
operators  record  successful  removal  of  a  floating  lens  by  causing 
the  patient  to  hang  his  head,  face  downward,  over  an  operating 
table,  while  the  surgeon  worked  from  below. ' 

AGNEW'S  OPERATION  FOR  REMOVAL  OF  DISLOCATED  LENS. 

Agnew's  operation  and  instrument,  the  Indent,  are  especially 
adapted,  and  have  been  successfully  employed  by  Agnew,  Web- 


Fig.  160.— Agnew's  Bident. 


Fir.  161.— Agnew's  Bident  in  the  Kye. 


ster,  Lewis,  and  other  operators  in  many  cases.  Dr.  Agnew 
says,2  in  his  article  on  the  bident,  that  to  remove  a  dislocated 
lens  from  the  vitreous  humor  and  save  the  eye  "  is  more  difficult 

1  H.  W.  Williams,  H.  D.  Noyes,  and  others. 

8  Transactions  of  the  American  Ophthalmologics!  Society,  1885. 
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than  any  other  operation  in  ophthalmic  surgery."  The  bident 
consists  of  two  fine,  straight,  delicately  pointed  cataract  needles, 
each  six-eighths  of  an  inch  long,  fixed  parallel  to  each  other,  at 
a  distance  a  little  less  than  one-eighth  of  an  inch  apart.  They 
are  united  by  a  flat  handle,  so  that  the  instrument  can  be  held 
in  a  needle-holder.  The  instrument  in  the  needle-holder  is 
pushed  into  the  vitreous  humor,  far  enough  back  to  avoid 
wounding  the  iris  or  touching  the  lens,  but  when  the  bident  has 
well  entered  the  eye,  its  handle  is  depressed  and  the  lens  lifted 
upon  it,  "as  a  pen  might  be  lifted  on  a  two-tined  fork."  The 
bident  is  then  pushed  forward,  and  caused  to  emerge  on  the 
nasal  side.  The  lens  resting  securely  upon  the  fork,  the  cornea 
is  opened  and  the  lens  removed  with  a  spoon.  In  one  case  Dr. 
Webster  was  obliged  to  remove  the  bident  before  he  could  re- 
move the  lens,  although  in  some  cases  enucleation  must  be  re- 
sorted to,  in  a  dislocation  of  the  lens,  and  in  others  the  removal 
of  the  lens  is  only  followed  by  severe  inflammation  which  neces- 
sitates subsequent  enucleation.  Yet  enucleation  should  never 
be  advised  for  a  dislocation  of  the  lens  when  any  considerable 
vision  remains.  My  colleague,  Dr.  Frank  N.  Lewis,  has  just 
removed  a  dislocated  lens  with  the  bident  very  successfully,  and 
by  the  operation  so  reduced  the  myopia,  which  was  excessive, 
as  to  markedly  improve  the  vision.  The  objections  made  to  the 
bident,  by  good  authorities,  seem  to  me  purely  theoretical.  The 
instrument  is  a  valuable  resource  in  certain  extreme  cases,  when 
it  is  pretty  certain,  that  the  lens  cannot  be  extracted  by  a  simple 
section  and  the  use  of  a  spoon  or  hook.  I  have  successfully 
used  a  cystotome  in  one  case.  The  wound  made  in  the  sclera 
by  the  bident,  is  a  real  objection  to  its  use,  because  such  an  in- 
cision may  possibly  cause  sympathetic  irritation. 

Congenital  dislocation  of  the  lenses  is  not  uncommon.  I 
have  now  under  observation  a  boy  of  eleven  years  of  age,  whom 
I  have  seen  regularly  since  he  was  four,  who  was  born  with  a 
dislocation  of  both  lenses,  upward  and  outward.  They  are  not 
floating  about,  but  remain  fixed.  That  of  the  left  eye  is  becom- 
ing somewhat  opaque,  and  I  hope  it  may  be  extracted  at  some 
future  time.  He  is  able  to  read  the  finest  type  with  a  -f  12  D. 
spherical  glass,  and  he  has  vision.  V.  =  f~£,  at  a  distance.  He 
seems  to  have  absolutelv  no  accommodation. 
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Dr.  Lewis  H.  Taylor '  reports  a  case  of  a  young  man  of 
twenty  whose  lenses  are  both  symmetrically  dislocated  upward 
and  outward,  about  one-third  of  the  diameter  of  each  being 
visible  beyond  the  pupillary  margin.  The  lenses  were  partially 
opaque.  His  vision  is  f$  with  correcting  glasses.  Dr.  Taylor 
discusses  the  question  as  to  whether  an  accident,  which  occurred 
to  the  mother  during  pregnancy  a  week  before  the  birth  of  this 
son,  when  she  fell  forward,  striking  heavily  on  her  abdomen, 
had  anything  to  do  with  the  dislocation  of  the  lenses.  In  my 
case,  the  child  was  delivered  by  forceps,  and  I  think  it  quite 
possible  in  all  such  cases  that  the  dislocation  of  the  lens  may 
have  been  caused  by  the  traumatism.  Dr.  Taylor  quotes  Pro- 
fessor Jaeger  as  giving  an  opinion  of  two  cases  of  dislocation  of 
the  lenses — that  one  was  congenital  because  both  lenses  were 
displaced  inward  and  upward,  and  another  was  regarded  as 
probably  traumatic,  because  both  lenses  were  displaced  upward 
and  to  the  left,  that  is,  one  outward  and  one  inward.  In  a  cer- 
tain sense,  I  believe  all  these  cases,  whether  congenital  or  not, 
can  ultimately  be  traced  to  an  injury,  and  are,  therefore,  trau- 
matic. 

Dr.  W.  S.  Little 2  reports  two  cases  of  supposed  congenital 
dislocation  of  the  lenses.  The  first  one  was  non-symmetrical, 
the  displacement  being  upward,  but  with  both  lenses  to  the  left. 
In  the  second  case,  the  displacement  was  symmetrical,  both 
being  downward  and  inward. 

The  treatment  of  dislocation  of  the  lens,  of  congenital  origin, 
depends  entirely  upon  the  vision  which  can  be  secured  without 
operation.  If  that  can  be  made  fairly  good,  the  operation  ought 
to  be  postponed  until  positively  indicated. 

LENTI-CONUS. 

This  condition  of  the  lens,  which  is  probably  congenital,  is 
that  in  which  there  is  a  protuberance  from  the  anterior  or  pos- 
terior surface.  It  is,  therefore,  described  as  anterior  or  poste- 
rior lenti-conus.  It  has  been  only  rarely  observed.  There  are, 
however,  five  cases  on  record.     The  first  case  was  by  Webster,3 


1  Journal  of  the  American  Medical  Association,  Nov.  4th,  1893. 

2  Transactions  of  the  American  Ophthalmological  Society,  1883. 
:!  Archives  of  Ophthalmology,  1875. 
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and  was  one  of  anterior  lenti-conus.  The  second  was  reported 
by  Van  der  Loan  and  Placido.1  The  third  was  by  F.  Meyer2 
and  was  the  first  case  of  posterior  lenti-conus  observed.  The 
fourth  was  by  Knapp,8  and  the  fifth  by  Weeks.1 

I  had  an  opportunity  of  seeing  the  case  reported  by  Dr. 
Weeks,  he  having  exhibited  it  at  a  meeting  of  the  New  York 
( )phthalmoscopical  Society. 

H  occurred  in  a  child  of  seven  years,  who  had  convergent  strabis- 
mus, and  who  came  to  Dr.  Weeks  for  the  correction  of  that  defect. 
There  were  remnants  of  the  fcetal  pupillary  membrane  in  the  right 
eye.  In  other  respects  it  was  normal.  In  the  antero-posterior  axis 
of  the  left  eye  was  seen,  with  the  ophthalmoscopic  mirror,  a  bright 
round  patch,  thought  to  be,  by  Dr.  Weeks,  about  4  mm.  in  diameter. 
It  was  situated  between  the  iris  and  the  fundus.  The  centre  of  the 
lens  was  of  myopic  refraction,  the  margin  hyperopic.  The  projec- 
tion was  on  the  posterior  surface  of  the  lens.  There  was  an  opacity 
at  the  apex  of  the  cone,  which  Dr.  Weeks  thought  was  due  to  the 
remains  of  the  fcetal  vessels. 

While  writing  this  chapter  it  has  been  my  fortune  to  see  a 
case,  making  six  in  all,  of  this  condition  that  have  been  reported, 
shown  to  me  by  Dr.  Frank  N.  Lewis.  The  patient  came  to  the 
Manhattan  Eye  and  Ear  Hospital,  and  a  description  of  his  case 
is  here  given : 

John  O'G.,  a  roofer,  21  years  of  age,  always  been  well  and  strong, 
accidentally  noticed,  about  eight  months  ago,  that  the  vision  of  the 
left  eye  was  very  poor.  He  never  had  had  any  pain  or  inflamma- 
tion of  the  eye.  The  examination  showed  V.R.  =  §#;  -f^  with  +.50O 
+50c.  90°  and  Jaeger  No.  1.  V.  L.  =  ^;  _«_  witn  _j_3o  _j_la 
90°  and  unable  to  read  Jaeger  type.  The  right  e}Te  showed  no 
changes  in  the  media  or  fundus.  The  left  eye  showed  nothing 
abnormal  externally,  the  movements  of  the  eyeball  good  in  all  direc- 
tions ;  the  iris  normal,  pupil  normal  and  reacts  well  to  light.  On 
looking  into  the  eye  with  the  ophthalmoscope  from  a  distance,  there 
appeared  a  bright  round  spot,  a  little  to  the  temporal  side  of  the 
centre,  which  looked  much  like  a  drop  of  oil  on  water.     On  moving 


1  Period,  of  Ophthal.  Lisboa,  1881. 

■  Hirschberg's  Centralb.  f.  p.  Augenhl.,  Bd.  xii.,  p.  41. 

3  Archives  of  Ophthalmology,  vol.  xviii.,  p.  453. 

4  Ibid.,  vol.  xx.,  p.  260. 
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the  mirror  there  was  a  distortion  of  the  reflex  from  the  fundus,  and  • 
any  vessel  seemed  to  undergo  a  circular-like  motion.  About  the 
margin  of  the  spot,  there  was  a  dark  crescentic  shadow,  varying 
according  to  the  position  of  the  eye.  The  spot  was  perhaps  3  or  4 
mm.  in  diameter.  At  the  centre  of  the  spot  was  an  opacity  some- 
what star-shaped,  of  sufficient  size  so  that  the  details  of  the  fundus 
could  not  be  well  seen  through  it.  The  rest  of  the  lens  was  perfectly 
clear  and  through  this  the  eye  was  hypermetropic.  On  examination 
of  the  spot  with  a  +  23  D.  glass  behind  the  ophthalmoscope,  the 
opacity  was  clearly  seen,  and  the  relation  of  this  spot  to  cornea  and 
iris,  when  the  eyeball  was  moved,  showed  it  to  be  posterior.  In 
other  words,  there  is  a  protrusion  of  the  lens  at  this  point,  which  is 
clear  except  on  the  apex. 

Becker  made  an  examination  of  a  case  of  lenti-comis  occur- 
ring in  a  rabbit.  In  this  case,  Becker  concluded  that  the  con- 
centric lens  fibres,  the  products  of  the  third  period  of  develop- 
ment of  the  lens,  did  not  join  at  the  posterior  pole,  but  that  they 
formed  around  the  elongated  nuclear  fibres  of  the  second  period 
of  development  of  the  lens,  and  that  these  latter  extended 
beyond  the  concentric  layers  and  thus  formed  the  cone. ' 

Weeks  thinks  it  is  easy  to  understand  the  formation  of  an- 
terior lenti-conus.  In  embryonal  life,  the  lens  has  only  to  be- 
come unusually  adherent  to  the  posterior  surface  of  the  cornea, 
for  a  little  traction  to  cause  it.  Persistent  foetal  vessels,  which 
were  observed  in  two  cases,  as  also  suggested  by  Weeks,  may 
have  produced  traction  sufficient  to  induce  posterior  lenti-conus 
in  these  instances.  A7ery  fortunately  lenti-conus  usually  occurs 
in  one  eye  only.  If  a  case  be  observed  when  both  eyes  are  af- 
fected, and  the  vision  is  as  poor  as  in  the  cases  reported,  extrac- 
tion of  the  lens,  is  to  be  considered  as  a  means  of  improving  the 
sight. 


1  "Anatomie  der  gesundeu  uud  krauken  Liuse, "  1883,  p.  126. 
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DISEASES   OF   THE   ORBIT. 

Close  Relations  of  the  Orbit  with  the  Nose. — Maxillary  Antrum,  and  Cranial 
Cavity. — Injuries  or  Diseases  of  the  Frontal  Sinus. — Emphysema. — Hem- 
orrhages.— Abscess. — Orbital  Cellulitis. — Inflammation  of  Tenon's  Capsule. 
— Periostitis. —  Caries  and  Necrosis. — Aneurism. — Bony  Growths. — Dr. 
Lewis'  Case. — Exophthalmic  Goitre. 

The  orbit  has  close  relations  through  its  membrane  and  ves- 
sels with  the  nose,  antrum,  cranial  cavity,  and  temporal  fossa. 
Its  diseases  therefore  are  not  altogether  independent,  and  are 
not  usually  limited  to  a  single  tissue,  but  they  are  thus  classified 
for  the  sake  of  convenience.  The  symptom  common  to  many 
orbital  diseases  is  exophthalmos,  or  protrusion  of  the  eyeball. 
It  may  be  hardly  perceptible,  or  so  severe  that  the  lids  cannot 
close,  and  the  cornea,  exposed  to  the  air  and  injuries,  sloughs 
and  allows  the  contents  of  the  eye  to  escape.  Rarely,  the  globe 
may  be  forced  entirely  out  and  lie  upon  the  cheek.  With  pro- 
trusion there  is  redness,  and  oedematous  swelling  of  the  con- 
junctiva and  lids,  the  mobility  of  the  globe  is  interfered  with, 
and  the  nerves  may  be  paralyzed  from  pressure.  The  vision  is 
impaired  according  to  the  tension  and  pressure  upon  the  optic 
nerve  and  ocular  tunics. 

Injuries. — These  are  generally  due  to  incised  or  punctured 
wounds,  or  to  foreign  bodies.  They  may  cause  orbital  abscess, 
periostitis,  hemorrhage,  emphysema,  fracture  of  the  bony  walls, 
injury  of  the  eyeball,  and  even  extrusion  of  it.  The  results  may 
appear  at  once,  or  not  imtil  some  time  after  the  accident. 
Fractures  of  the  roof,  and  inner  wall  are  very  dangerous  from 
injury  to  the  brain.  Foreign  bodies  should  always  be  removed 
if  detected.  The  best  place  for  incision,  either  for  exploration 
or  for  removal,  is  through  the  conjunctiva  between  the  eyeball 
and  lid.  The  outer  canthus  may  be  divided  to  give  more  room 
for  manipulations.     The  parts  should  be  kept  at  rest,  and  cold 
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cloths  and  leeches  used  to  check  any  inflammation.  If  the 
eye  is  extruded  it  may  be  replaced,  and  the  compress  bandage 
applied.  Incised  and  punctured  wounds  are  treated  as  those 
occurring  in  other  parts,  by  complete  rest,  protective  bandage, 
atropia,  and  so  forth. 

Disease  of  the  Frontal  Sinus. — Pressure  upon  the  orbit, 
with  a  tumor  at  the  upper  inner  angle,  and  displacement  of  the 
eye  downward  and  outward,  is  sometimes  caused  by  distention  of 
frontal  sinus.  The  tumor,  if  left  to  itself,  may  burst  into  the 
nose,  the  orbit,  or  through  the  upper  lid.  Such  cases  should 
be  carefully  examined,  explorative  incisions  made,  until  a  diag- 
nosis is  secured.  They  are  then  to  be  treated  by  thorough, 
drainage  and  antiseptic  applications,  such  as  the  bichloride 
of  mercury,  in  solution  one  to  twenty  thousand  parts. 

Emphysema. — This  usually  occurs  from  a  fracture  of  the 
ethmoid  cells  or  frontal  sinus,  or  rupture  of  the  lachrymal  sac. 
Air  enters  the  cellular  tissue  of  the  orbit  and  lids,  and  causes 
an  elastic,  crepitating  swelling,  and  exophthalmos.  It  gener- 
ally disappears  under  gentle  pressure,  by  means  of  a  flannel 
bandage. 

Hemorrhages. — These  are  chiefly  due  to  injury.  They  are 
sometimes  spontaneous,  but  they  may  be  caused  by  straining. 
Ecchymosis  may  appear  in  the  lids,  and  under  the  conjunctiva, 
some  time  after  the  accident.  They  may  cause  exophthalmos 
and  injurious  pressure.  The  best  treatment  is  to  assist  absorp- 
tion by  cold  compresses  and  firm  bandages.  Incisions  may  be 
made  where  symptoms  are  urgent. 

Abscess  —  Orbital  Cellulitis. —  These  are  caused  by 
wounds,  foreign  bodies,  disease  of  the  bone,  cold,  lachrymal 
disease,  operations  upon  the  eye,  extension  of  inflammation  from 
other  parts,  severe  constitutional  disease.  The  symptoms  are 
almost  always  acute,  and  reach  the  crisis  in  from  eight  to  four- 
teen days.  The  lids  are  red,  hot,  and  swollen ;  there  is  intense 
pain  increased  by  pressure  against  the  globe ;  fever  and  perhaps 
brain  symptoms.  The  exophthalmos  is  generally  directly  for- 
ward. The  vision  may  be  impaired  from  pressure  on  the  optic 
nerve,  which  may  cause  engorgement  and  neuritis.  When  pus 
forms,  fluctuation  maybe  found  behind  the  lids,  and  the  abscess 
may  burst   through   the   lids   or   conjunctiva.     The  prognosis 
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should  be  guarded  on  account  of  possible  necrosis,  meningitis, 
and  permanent  injury  of  vision.  In  the  early  stages,  local 
blood-letting,  and  iced  cloths,  may  be  indicated,  [f  suppuration 
occur,  poultices  should  be  applied,  and  subsequently  an  incision 
made  through  the  conjunctiva  between  the  lids  and  globe.  An 
exploratory  incision  is  proper  when  in  doubt  about  the  existence 
of  pus,  and  it  is  always  better  to  use  the  knife  too  early  than 
too  late. 

Inflammation  of  Tknon's  Capsule. — This  occurs  very 
rarely.  It  may  be  caused  by  catching  cold,  strabismus  opera- 
tions, and  ophthalmitis.  It  produces  pain,  swelling,  and  red- 
ness of  the  conjunctiva  and  to  a  less  extent  of  the  lids,  with  per- 
haps slight  exophthalmos.  Leeches  and  iced  compresses  may 
be  used  in  the  early  stages.  The  inflammation  of  the  capsule 
usually  begins  in  the  wound.  It  seems  to  be  caused  by  insuffi- 
cient care  of  the  eye,  that  is,  avoidance  of  the  entrance  of  dirt, 
occupation  on  close  objects,  wind  or  smoke  in  the  eye,  and  so 
forth. 

Periostitis  of  the  Orbit  is  generally  limited,  and  due  to 
cold,  injury,  foreign  bodies,  or  is  secondary  to  inflammation  of 
other  parts.  In  the  acute  form,  there  is  severe  pain,  and  local 
tenderness  on  pressure  against  the  bony  wall;  swelling  and  red- 
ness of  the  lids,  and  perhaps  slight  exophthalmos,  generally 
toward  one  side;  sometimes  there  is  fever.  Pus  may  form 
beneath  the  periosteum,  and  necrosis  may  result.  The  general 
treatment  is  that  of  cellulitis.  In  the  chronic  form,  which  is 
generally  due  to  syphilis,  the  symptoms  are  less  marked.  The 
pain  is  apt  to  be  worst  at  night.  Nodes  and  exostoses  may  de- 
velop.    The  treatment  should  be  that  used  for  syphilis. 

Caries  and  necrosis  result  from  injury,  periostitis,  cellulitis, 
syphilis,  tuberculous  and  scrofulous  cachexias.  These  cause 
sluggish,  ©edematous  inflammatory  swelling  of  the  lids,  which 
points  and  discharges  foul  pus.  A  fistulous  opening  is  indicated 
by  unhealthy  granulations,  and  dead  bone  maybe  felt  by  probe. 
Pus  should  be  evacuated  as  soon  as  possible,  and  the  opening 
enlarged  when  necessary,  for  the  removal  or  escape  of  exfoliated 
bone.  The  sinus  should  be  kept  open  and  clean,  until  it  can  heal 
from  the  bottom.  In  the  healing  process  there  is  apt  to  be 
cicatricial  contraction  of  the  lid,  leaving  marked  ectropion. 
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True  aneurism  may  arise  from  the  ophthalmic  artery  or  its 
branches,  causing  protrusion  and  pulsation  of  globe.  The  pain 
is  generally  slight. 

Diffuse  or  false  aneurism  is  much  more  frequent.  It  is 
caused  by  the  rupture  of  the  artery  from  injury  or  disease,  with 
sudden  escape  of  blood  into  the  orbital  tissue.  It  may  super- 
vene upon  true  aneurism.  There  is  immediate  pain  and  exoph- 
thalmos. The  latter  increases  with  redness  and  swelling  of  the 
globe  and  lids,  and  an  elastic,  pulsating  tumor  appears  at  the 
edge  of  the  orbit.  The  pulsation  is  stopped  by  pressure  upon 
the  carotid ;  the  whirring  noise  in  the  head  is  audible  with  or 
without  the  stethoscope.  The  only  treatment  for  true  or  false 
aneurisms  is  by  compression  or  ligature  of  the  carotid. 

Aneurism  by  Anastomosis. — This  is  a  rare  condition,  gen- 
erally congenital  and  found  in  children.  Most  often  it  is  situ- 
ated in  the  subcutaneous  tissue  of  the  anterior  part  of  the  orbit. 
It  consists  of  a  group  of  dilated  vessels,  forming  an  irregular, 
doughy  tumor  with  pulsation  and  thrill.  It  is  not  much  affected 
by  pressure  on  the  carotid.  The  best  treatment  is  by  subcu- 
taneous ligature  or  electrolysis. 

TUMORS  OF  THE   ORBIT. 

These  are  of  the  same  kind,  benign  and  malignant,  as  are 
found  in  other  parts  of  the  body.  They  may  arise  in  the  orbit 
or  invade  it  from  the  eyeball  or  from  neighboring  parts.  They 
cause  exophthalmos  and  its  injurious  consequences.  Malignant 
tumors  are  of  more  rapid  growth  than  benign,  and  involve  the 
general  health.  Tumors  should  be  excised  when  there  is  any 
prospect  of  benefit  from  the  operation — if  possible  without  sacri- 
ficing the  eyeball.  It  is  often  necessary,  however,  to  remove 
the  latter  also,  even  when  considerable  vision  remains  to  it. 

Bony  growths  of  the  orbit  may  sometimes  be  removed  with- 
out a  loss  of  the  eyeball.  If  they  have  not  already  caused  optic 
neuritis,  vision  may  not  be  impaired  after  an  early  removal. 
The  mode  of  operating  is  by  chisel  and  hammer,  after  dissecting 
away  the  conjunctiva  and  subconjunctival  tissue.  When  at- 
tached by  a  pedicle,  as  they  usually  are,  the  removal  is  not 
difficult. 
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BONY  GROWTHS  IN   THE  ORBIT. 

Bony  growths  in  the  orbit,  although  an  important  subject, 
has  received  comparatively  little  attention.  Andrews,1  Pooley,9 
Knapp,3  Grossman,4  Jones,5  Adamuk,"  and  Watson7  also  report 
cases,  as  shown  by  Dr.  Frank  N.  Lewis  in  his  paper  on  the 
subject." 

As  will  be  seen  from  these  cases,  there  has  been  much  varia- 
tion in  the  size,  location,  and  readiness  with  which  the  growths 
have  been  removed.  There  is  also  much  variety  in  their  con- 
sistency. They  have  sometimes  been  rather  soft,  and  then 
again,  they  have  been  as  hard  as  ivory.  In  some  cases  they 
spring  from  a  narrow  pedicle,  either  from  the  frontal,  ethmoid, 
or  superior  maxillary  bone,  while,  in  other  cases,  the  attach- 
ment was  broad  and  firm.  The  etiology  is  not  at  all  clear,  al- 
though traumatism  is  probably  either  a  primary  or  an  exciting 
cause  to  a  more  rapid  growth  of  osteoma  that  already  existed. 

The  following  case  came  under  my  observation  at  the  Manhattan 
Eye  and  Ear  Hospital.  The  patient  was  transferred  to  the  care  of  Dr. 
Lewis,  who  operated  upon  him,  and  removed  the  growth.  The  patient 
was  a  man  of  27  years  of  age,  a  blacksmith's  helper.  He  never  had 
had  any  constitutional  disease,  according  to  his  statement,  and  there 
was  no  evidence  that  he  had.  Eighteen  months  before  the  right  eye 
was  observed  to  be  more  prominent  than  the  left.  Two  months  before 
this  he  had  been  struck  by  a  stone  on  the  right  mastoid  process.  The 
wound  healed  quickly,  and  there  had  been  no  trouble  from  that  since. 
A  few  days  before  the  right  eye  began  to  protrude,  he  was  bitten  on 
the  bridge  of  the  nose  by  a  dog.  This  wound  also  closed  quickly, 
and  gave  him  no  further  trouble.  There  was  no  histoiy  of  any  other 
injury.  But  the  eye  gradually  protruded,  without  pain,  redness,  or 
swelling  of  the  lids  or  eyeball.  The  vision  remained  good  until  three 
months  ago,  when  it  began  to  fail.  When  he  was  admitted  to  the 
hospital,  the  vision  on  that  side  was  ■§-#.     The  eye  was  pushed  for- 

1  New  York  Medical  Record,  Sept.  3d,  1887. 

2  Transactions  of  the  American  Ophthalmological  Society,  1890. 

3  Archives  of  Ophthalmology.  March,  1888. 

4  Ophthalmic  Review,  December,  1887. 

5  Transactions  of  the  Ophthalmological  Society  of  the  United  Kingdom,  1888, 
'"'  Archives  of  Ophthalmology,  vol.  xix.,  1890. 

7  Transactions  of  the  Ophthalmological  Society  of  the  United  Kingdom,  1889^ 
1890.  -  New  York  Medical  Record,  May  27th,  1893,  p.  654. 
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Ward,  downward,  and  outward.  The  lids  were  scarcely  red,  there 
was  a  little  lachrymation.  The  eyelids  could  be  closed,  and  the  mo- 
tion of  the  eyeball  was  good  in  all  directions,  except  upward,  where 
it  was  somewhat  limited.  The  cornea,  lens,  and  vitreous  were  clear, 
and  the  pupil  responded  well  to  light.  There  was  some  swelling  of 
the  optic  papilla,  but  the  retina  was  clear,  and  there  were  no  hemor- 
rhages. A  firm  mass  could  be  felt  above  and  extending  behind  the 
eyeball.  It  did  not  give  the  impression  of  being  very  hard  bone  to 
the  finger,  but  this  was  because,  as  was  subsequently  learned,  the 
growth  was  very  deep  in  the  orbit.     There  was  much  soft  tissue  in 


Fig.  162. — Orbital  Tumor  in  Different  Aspects. 

front.  The  patient  was  put  under  ether.  Dr.  Lewis  operated.  His 
description  of  the  operation,  and  the  subsequent  progress  of  the  case, 
is  as  follows: 

"  A  free  incision,  one  and  one-eighth  inch  below  the  superior  or- 
bital ridge,  was  made,  and  extending  from  above  the  inner  to  a  point 
outside  the  outer  canthus.  After  dissecting  down  through  the  soft 
tissue,  the  hard,  bony,  irregular  mass  was  reached,  about  one-half 
inch  behind  the  orbital  ridge.  It  was  firmly  implanted  against  the 
superior  and  inner  walls  of  the  orbit,  and  no  well-defined  pedicle  was 
to  be  made  out.  The  growth  was  removed  with  the  chisel,  and  its 
removal  was  accomplished  with  much  difficulty.  It  was  attached  by 
a  broad  surface  to  the  frontal  and  the  ethmoid  bones,  and  a  point  of 
the  growth  extended  to,  if  not  into,  the  optic  foramen.  On  removal 
it  was  found  to  be  of  ivory  hardness,  irregular  in  shape,  with  smooth 
surface.  Its  weight  was  thirty-one  grammes,  or  nearly  one  ounce. 
The  longest  diameter  was  45  mm.  by  "24  mm.  On  the  inferior  sur- 
face was  a  deep  groove,  which  probably  lodged  the  optic  nerve,  and 
from  pressure  may  have  been  a  cause  of  the  neuritis,  as  this  groove 
must  have  nearly  encircled  the  nerve.  The  cavity  was  thoroughly 
washed  and  some  small  chips  of  bone  removed.     The  wound  was 
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closed  with  sutures  and  a  drainage-tube  inserted.  The  operation 
was  done  with  thorough  aseptic  precautions.  On  recovering  from 
ether,  the  patient  vomited  blood,  and  there  also  was  blood  coming 
from  the  nose  on  the  right  side,  showing  that  there  was  a  communi- 
cation between  the  orbital  and  the  nasal  cavities,  and  this  was  also 
later  shown  in  dressing  tbe  wound,  as  fluid  could  be  forced  through 
the  drainage-tube  into  the  nose. 

''During  the  evening  the  dressings  having  become  saturated  with 
blood,  they  were  removed.  There  was  swelling  of  the  lids  and 
chemosis.  On  the  following  day,  the  patient  having  slept  fairly  well 
during  the  night,  the  dressings  were  reapplied.  There  was  swelling 
of  lids,  and  conjunctiva  and  eyeball  still  somewhat  protruding. 

"On  May  16th,  two  days  after  the  operation,  the  patient  was 
taken  with  vomiting  during  the  afternoon,  and  at  6  P.M.  the  temper- 
ature was  106.3°  F.,  and  pulse  128,  irregular  and  intermittent.  There 
had  been  no  chill.  There  was  no  delirium  and  the  patient  very  ra- 
tional, but  having  some  pain.  Wound  redressed,  and  in  washing 
through  the  drainage-tube  fluid  passed  into  the  nose.  Hot  applica- 
tions were  kept  constantly  applied.  Morphine  was  given  hypoder- 
mically,  and  patient  was  sponged  with  alcohol. 

"  From  this  time  on  the  patient  made  a  steady  but  slow  recovery, 
the  temperature  gradually  subsiding.  There  was  much  swelling  and 
redness  of  the  lid  and  destruction  of  the  epithelium,  but  the  deeper 
parts  of  the  lid  healed  well.  Some  suppuration  from  the  cavity  in 
the  orbit  followed,  but  this  graduall}T  subsided.  The  eyeball  did  not 
become  inflamed,  the  cornea  remaining  clear.  The  vision  became 
much  worse ;  two  days  after  the  operation  there  was  only  perception 
of  light,  and  at  the  end  of  seven  days  there  was  no  perception  of  light. 
Nine  days  after  the  operation  there  was  some  paralysis  of  the  left 
hand,  the  patient  being  unable  to  close  the  fingers,  but  had  good  use 
of  the  arm  and  forearm.     This  paralysis  lasted  for  three  days. 

"  The  swelling  and  redness  of  the  lid  gradually  subsided  and  sup- 
puration stopped.  The  communication  with  the  nose  remained  for 
two  weeks. 

"The  patient  was  discharged  from  the  hospital  June  27th,  six 
weeks  after  the  operation,  and  at  this  time  the  wound  was  well 
healed.  The  eyeball  was  still  somewhat  protruding  downward  and 
outward.  There  was  ptosis  and  inability  to  rotate  the  eye  upward 
or  outward.     The  optic  disc  showed  white  atrophy. 

"  The  patient  has  been  seen  since,  the  last  time  was  in  October, 
four  months  after  leaving  the  hospital,  and  at  this  time  there  was  less 
exophthalmos,  although  still  very  apparent.     There  was  better  mo- 
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tion  of  the  eyeball  and  lid.     A  small  sinus  at  the  outer  angle  of  the 
wound.     Patient  has  no  pain." 

Dr.  Lewis  considers  it  very  doubtful  if  the  injuries  recorded  had 
anything  to  do  with  the  exophthalmos.  The  size  of  the  growth  was 
an  interesting  feature.  Placing  the  mass,  after  removal,  in  the  orbit 
of  a  normal  adult  skull,  more  than  filled  the  cavity.  In  its  original 
position  it  had  involved  the  ethmoid,  and  was  pushing  its  way  into 
the  nasal  cavity.  A  free  communication  between  the  orbit  and  the 
nose  followed  the  operation.  The  patient  had  no  symptoms  of  men- 
ingitis afterward.  It  is  doubtful,  in  Dr.  Lewis'  opinion,  whether 
the  paralysis  of  the  left  hand  was  from  meningeal  or  cerebral  trouble. 
Although  the  temperature  rose  to  100.3°  F.  on  the  second  day,  no 
antipyretic  medicines  were  employed,  other  than  sponging  with  al- 
cohol, hot  applications  to  the  ej'elids,  and  morphine  to  relieve  the 
pain.  The  nutrition  was  carefully  attended  to.  In  all  this,  Dr. 
Lewis's  treatment,  as  has  been  indicated  by  me  in  discussing  ery- 
sipelas, has  my  most  cordial  indorsement.  I  am  very  much  opposed 
to  the  use  of  antipyretics,  except  in  malaria  or  kindred  diseases.  The 
atrophy  of  the  optic  nerve,  which  followed  the  operation,  was  no 
doubt  due  to  the  traumatism,  but  as  optic  neuritis  had  begun  prior 
to  the  operation,  it  certainly  would  have  occurred  later. 

EXOPHTHALMIC  GOITRE. 

Basedow's  or  Graves'  Disease. — This  form  of  disease, 
sometimes  called  for  those  authors,  Basedow  or  Graves,  who 
wrote  upon  it  at  an  early  date,  as  its  names  indicate,  is  asso- 
ciated with  enlargement  of  the  thyroid  body.  It  is  usually  also 
connected  with  cardial  disturbance,  either  organic  or  functional. 
This  is  shown  by  frequency  of  the  pulse,  and  general  nervous 
excitement.  The  disease  may  be  caused  by  fright,  nervous 
shock,  and  so  forth.  For  example,  in  some  cases  that  I  have 
seen,  the  exophthalmos  and  goitre  are  first  observed  after  the 
fright  of  escape  from  a  burning  house — sudden  and  profound 
grief  from  the  sudden  death  of  relatives  or  friends — long-con- 
tinued anxiety.  It  is,  therefore,  primarily  a  disease  of  the  nerv- 
ous system  and  should  be  classified  as  such,  and  not  among 
ophthalmic  diseases,  the  exophthalmos  being  the  only  symptom 
that  refers  the  disease  to  the  eye.  The  disease  in  rare  cases 
runs  such  a  violent  course,  as  to  cause  such  a  protrusion  of  the 
eyeballs  that  the  eyelids  cannot  cover  them,  and  ulceration  of 
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the  cornea  occurs.     Prolonged  closure  of  the  eyes  may  alleviate 
this  condition,  and  sometimes  induce  the  cornea  to  heal. 
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HEMIOPIA. 

Hemiopia,  hemianopsia,  or  hemianopia  (*}/»,  half,  <V'-'?,  sight). 
— Hemiopia  or  half-sightedness,  is  a  symptom  pertaining  to 
many  varied  diseases  and  disorders  of  the  optic  nerves,  either  in 
their  course  or  at  their  origin,  and  while  it  is  only  a  symptom, 
it  deserves  especial  mention,  although  a  full  discussion  of  the 
conditions  causing  it  would  be  only  in  place  in  a  treatise  on 
diseases  of  the  brain  and  nervous  system.  It  sometimes  occurs 
as  a  functional  disease,  that  is  to  say,  it  appears  and  disappears 
without  any  trace  of  its  having  existed.  This  may  occur  in 
sick  headache,  migraine,  and  in  conditions  known  as  lithasmic 
or  gouty."  Occurring  in  this  manner,  hemiopia  is  generally 
overlooked,  for  the  patients  complain  usually  of  a  great  loss  of 
vision,  and  do  not  always  definitely  describe  the  hemiopia  which 
may  occur.  Its  principal  importance,  however,  as  a  symptom, 
is  when  it  is  caused  by  tumors  of  the  nerve  or  brain,  inflam- 
mations, softenings,  or  hemorrhages.  We  may  have  lateral 
hemiopia,  in  which  a  vertical  half  of  the  visual  field  is  cut  off. 
Lateral  hemiopia  may  be  homonymous,  that  is  to  say,  there  is 
half -blindness  on  the  corresponding  sides  of  each  eye,  for  ex- 
ample, on  the  left  in  one,  and  the  right  in  the  other.  In  tem- 
poral hemiopia  the  outer  half  of  each  eye  is  involved,  and  in 
nasal  the  inner  halves.  Writers  also  speak  of  a  cutting  off  of 
the  upper  or  lower  segments,  or  even  of  the  irregular  portions 
of  the  visual  field  as  hemiopia.  These  are  hardly  to  be  consid- 
ered as  typical  cases,  but  they  belong,  as  a  rule,  to  limitations 
of  the  visual  field  such  as  have  been  discussed  in  atrophy  of  the 
optic  nerve  and  glaucoma.  In  speaking  of  hemiopia,  the  regular 
vertical  cutting  off  of  the  field,  is  usually  meant.     The  varied 

1  This  section  is  unavoidably  misplaced.  It  should  properly  come  in 
Diseases  of  the  Optic  Nerve. 

3  Dana  :  "  Text-Book  of  Nervous  Diseases, "  New  York,  1892. 
28 
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situations  of  hemiopia,  depend  on  the  disease  which  affects  the 
fibres  of  the  optic  nerve  in  their  course  from  the  eye  to  the  visual 
centre,  which  is  situated  in  the  occipital  vertex.  Each  occipital 
lobe  is  supplied  by  nerve-fibres  from  one-half  of  the  retina  of 
each  eye.  This  can  be  understood  by  examination  of  Figure 
30,  illustrating  the  anatomy  of  the  origin  and  course  of  the  optic 
nerve,  on  page  91.  In  nasal  hemiopia,  the  lesion  is  situated  in 
front  of  the  chiasm.  In  temporal,  it  is  just  back  of  the  chiasm. 
In  lateral  hemiopia,  the  lesion  lies  farther  back  than  the  chiasm, 
in  the  optic  tract,  the  primary  centres,  the  optic  radiations,  or 
in  the  occipital  lobes  themselves.  In  hemiopia  from  disease  of 
the  nerve  as  far  back  as  the  primary  centres  in  the  optic  thalamus 
and  corpora  quadrigemina,  when  a  ray  of  light  is  thrown  upon 
the  blind  side  of  the  retina,  there  is  no  light -reflex.1  but  the 
pupil  still  contracts  when  the  light  is  thrown  on  the  sensitive 
side  of  the  retina.  This  phenomenon  is  called  "Wernicke's 
hemiopia  pupillary  reaction."  If  in  hemiopia  the  light-reflex 
remains,  the  lesion  is  back  of  the  primary  centres,  and  involves 
the  optic  radiations  or  the  cortex. 

To  test  the  condition  of  hemiopia  in  its  early  stages,  and  in 
stupid  or  partially  comatose  patients,  it  is  recommended  to  bring 
the  finger  suddenly  in  front  of  the  eye  on  the  sound  side,  when 
a  wink  will  occur.  If  brought  in  front  from  the  blind  side,  the 
orbicularis  does  not  contract. 

It  is  generally  considered  that  hemiopia  is  a  sign  of  organic 
disease,  with  the  exceptions  that  have  been  noted  of  its  occur- 
rence in  migraine  and  similar  affections.  It  is  said  not  to  occur 
in  hysteria.  Hemiopia,  if  it  exists,  can  be  readily  detected 
with  the  perimeter. 

1  Dana,  loc.  cit.,  p.  113. 
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CONDITIONS   OF   THE   EYE   REQUIRING  THE  USE  OF 
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Use  of  Glasses. — The  Influence  of  Electric  Light  on  the  Eye. — Tahle  Show- 
ing Asthenopic  and  Non- Asthenopic  Occupations. 

GENERAL  OBSERVATIONS. 

It  is  now  only  about  fifty  years,  since  glasses  were  accurately 
fitted  to  the  different  conditions  of  the  eye,  requiring  their  aid. 
The  oculists  of  the  olden  time,  after  having  removed  a  cataract, 
sent  the  patient  to  a  watch-maker,  who  sold  him  the  best  convex 
glasses  that  he  and  the  patient  could  choose.  In  the  same 
manner  glasses  for  near-sightedness,  and  the  so-called  far  sight 
of  old  age,  were  adjusted  without  regard  to  scientific  and  accu- 
rate rules,  for  there  were  no  such  rules.  But  there  was  no 
exact  knowledge  even  of  the  conditions  of  aphakia,  myopia, 
and  presbyopia,  while  the  very  existence  of  hypermetropia  and 
astigmatism  was  generally  unknown,  until  Donders,  on  the 
slight  foundation  of  the  single  observations  of  Thomas  Young 
and  Airy,  by  great  labor  and  by  the  accumulation  of  the  pro- 
ducts of  a  vast  experience,  built  a  solid  and  enduring  structure. 
These  labors  of  Donders  have  formed  the  groundwork  of  pro- 
fessional observation  ever  since.  They  were  epoch-making  dis- 
coveries, on  which  all  correct  practice  has  been  based  for  the 
last  three  decades  of  time.  It  is  no  qualification  of  these  state- 
ments to  say,  as  Donders  very  generously  does  in  the  preface  to 
his  work,  that  the  English  writers,  "Young,  Wells,  Ware, 
Brewster  and  Airy  had  pointed  out  the  track  that  he  only  had 
to  follow,1' for  although  this  preliminary  work  was  fundamental 
and  essential,  it  was  reserved  for  Donders,  to  dig  it  out  from 
generally  inaccessible  mines,  to  smelt  it,  and  in  his  mint  trans- 
form it  into  coin  of  the  realm.     Before  his  discoveries,  and  his 
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classification  and  arrangement  of  what  was  already  known, 
those  interested  in  the  scientific  study  and  practice  of  ophthal- 
mology, were  groping  about  in  the  dark,  and  consequently 
making  many  errors. 

Donders  struck  the  key-note  when  he  claimed  to  find  in  fixed 
conditions,  chiefly  in  hypermetropia,  the  usual  cause  of  inability 
to  continue  to  use  eyes  not  affected  with  organic  disease.  His 
investigations  were  made  at  a  time  when  the  professional  mind 
was  bent  upon  finding  in  changeable  conditions,  that  is  to  say, 
the  action  of  the  external  ocular  muscles,  the  causes  of  asthe- 
nopia and  even  of  myopia.  But  when  the  ophthalmoscope 
was  invented  by  Helmholtz,  and  we  were  enabled  to  measure 
the  refraction  of  the  eye,  and  when  the  same  great  genius  added 
to  the  ophthalmoscope,  the  ophthalmometer,  and  exact  meas- 
urements of  the  cornea,  revealed  the  nature  and  usual  situation 
of  astigmatism,  all  these  errors  were  swept  away.  Insufficiency 
of  the  internal  recti  muscles,  which  Graefe  was  then  investi- 
gating, was  all  that  was  left  of  even  assumed  importance,  in 
the  estimation  of  the  proper  glasses  to  be  used  by  those  requiring 
their  aid.  As  we  shall  see,  there  has  been  in  later  years,  a  re- 
vival of  the  doctrine  of  the  independent  influence  of  the  external 
muscles  in  producing  asthenopia.  But  in  my  opinion,  this  revival 
was  based  upon  faulty  observations,  and  a  disregard  of  a  proper 
definition  of  what  constitutes  true  asthenopia,  that  is  to  say,  the 
line  was  not  clearly  drawn  between  pain  in  the  eyes,  produced  by 
organic  disease,  such  as  hyperemia  of  the  optic  nerve  and  retina, 
choroidal  irritation,  inflammation,  incipient  cataract,  and  so 
forth,  and  that  which  is  due  to  improper  optical  conditions. 
But  this  subject  will  be  more  fully  discussed,  in  the  considera- 
tion of  the  series  of  symptoms  comprehended  under  the  term 
asthenopia.  I  aim  to  give  the  student  and  practitioner,  a  clear 
idea  of  just  what  are  these  fixed  conditions  of  the  eyeball,  which 
require  the  use  of  glasses.  I  think  it  will  be  seen  that  consid- 
erable advances  of  great  service  have  been  made  in  our  knowl- 
edge, in  practice,  since  Donders'  time,  but  chiefly,  and  perhaps 
entirely,  on  lines  laid  out  by  him.  Wherever  there  has  been 
great  deviation  from  these  paths,  error  has  been  fallen  into. 
Just  as  he  followed  Young  and  Brewster,  modern  ophthalmol- 
ogy should  follow  Donders,  for  the  principles  that  he  established 
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are  unalterable.  All  the  mistakes  of  our  time,  have  been  made 
by  attempting  to  build  on  other  foundations. 

The  demands  upon  eyes  in  our  days  have  greatly  increased 
over  those  made  by  our  ancestors.  There  are  many  more 
books,  magazines,  and  newspapers  to  read.  Mechanical  employ- 
ments upon  line  objects  have  become  more  common  in  this 
country,  as  our  population  has  grown  denser.  Besides  all  this, 
the  publishers  and  printers  of  the  world,  have  everywhere  availed 
themselves  of  the  fact  that  glasses  assist  very  much  in  vision, 
and  have  taken  liberties  with  the  public  in  the  way  of  printing 
in  tine  types  and  in  the  use  of  old  plates,  which  give  indistinct 
impressions  on  the  retina  and  make  great  demand  upon  eyes. 
This  latter  state  of  things  is  one  that  every  physician  should 
combat.  Books  should  always  be  well  printed,  type  should  always 
be  clear,  no  matter  if  by  dint  of  spectacles  much  can  be  read  that 
our  ancestors,  with  their  poor  knowledge  of  the  resources  in 
glass  lenses,  would  never  have  attempted.  Then  again,  the 
demands  upon  school  children's  eyes,  have  been  excessively  in- 
creased, in  the  United  States  at  least,  in  the  last  fifty  years. 
Children  in  public  schools  who  will  never  be  able  to  spend  but  a 
few  years  in  study,  are  compelled  to  take  up  an  inordinate 
number  of  varied  pursuits,  and  to  spend  altogether  too  many 
hours  over  books.  The  practice  of  writing  exercises  has  been 
largely  multiplied  in  some  of  the  public  schools,  in  New 
York  City,  and  in  the  cities  of  this  State.  These  so-called  ad- 
vances in  the  methods  of  teaching,  involve  excessive  use  of 
the  eyes  under  sometimes  very  unfavorable  conditions,  that  is 
to  say,  over  desks  of  inappropriate  height  for  the  scholars,  in 
rooms  poorly  lighted,  with  air  that  is  sometimes  foul  for  hours. 
Children  are  given  too  many  studies  to  work  out  at  home.  It 
is  idle  to  think  that  any  science  can  combat  such  conditions  as 
these.  The  conditions  themselves  must  be  changed,  or  we  shall 
find  a  race  of  myopes  and  asthenopes.  growing  up  where 
formerly  we  had  strong-eyed  people.  This  is  an  evil  that  is 
beginning  to  be  appreciated  in  some  of  the  private  schools. 
But  some  of  the  teachers  in  the  land,  seem  to  be  the  natural 
enemies,  not  of  the  doctor,  as  one  of  them  once  suggested,  but 
of  the  laws  of  hygiene,  which  the  doctor  endeavors  to  enforce. 

In  what  is  said  in  these  chapters  on  the  matter  of  relieving 
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weak  sight  with  glasses,  let  it  be  fully  understood  that  I  never, 
for  an  instant,  condone  bad  habits  which  often  force  glasses 
upon  young  people  prematurely,  and  which  cause  evils  that  they 
can  only  imperfectly  remedy.  There  is  many  a  hyperopic  or 
astigmatic  person  who  would  never  use  glasses  until  presbyopia 
came  on  if  the  eyes  were  used  under  favorable  conditions. 
If  one  were  to  put  down  on  paper,  the  number  of  hours  that 
young  children  attending  many  schools  are  compelled  to  use 
their  eyes  on  close  objects,  the  table  would  appear  like  an  exag- 
geration. I  plead  earnestly,  therefore,  that  physicians  will  con- 
stantly bear  in  mind  the  fact  that  eyes,  especially  the  eyes  of 
young  people,  like  brains  and  the  muscles  of  the  human  body, 
may  be  overtaxed. 

THE  INFLUENCE  OF    VARIOUS  KINDS   OF  LIGHT   ON  THE  EYE. 

The  change  in  our  methods  of  lighting  habitations  and 
places  of  business  has,  in  some  respects,  been  beneficial,  and  in 
others  harmful.  It  is  certainly  an  advantage  to  have  a  bright 
light,  if  steady  and  well  shaded.  A  white  light  is  also  the  one 
that  nearest  approaches  daylight,  and,  therefore,  the  best;  but 
the  modern  electric  light  is  sometimes  unsteady,  and  is  often 
improperly  protected  from  striking  the  eyes  of  the  worker.  It 
is  a  great  advance  from  the  tallow  dip  of  our  ancestors,  to  kero- 
sene, gas-light,  and  electric  illumination,  but  if  these  better 
lights  are  not  used  with  safeguards  and  care,  like  all  modern 
inventions,  they  may  become  sources  of  evil. 

Dr.  Andrews,1  in  the  course  of  an  interesting  article  on  the 
electric  light  as  an  illuminator,  concludes  that  the  incandescent 
light,  because  of  its  steadiness,  adequate  power,  and  composi- 
tion, occupies  at  the  present  time  the  first  position  as  a  means 
of  artificial  illumination.  Dr.  Agnew  indorsed  this  view  in  the 
discussion  which  followed,  and  I  am  also  of  the  opinion  that  it 
is  the  best  artificial  light  for  ordinary  purposes,  although  as- 
thenopia has  been  observed,  that  was  thought  to  be  due  to  work 
by  electric  light.2  To  work  both  night  and  day  by  artificial  light, 
no  matter  what  the  source  of  illumination,  is  no  doubt  harmful, 

1  Transactions  of  the  American  Ophthalmological  Society,  1885,  p.  228. 

2  C.  S.  Bull,  Discussion  at  Academy  of  Medicine,  1893. 
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but  if  one  is  obliged  to,  an  electric  light  is  much  to  be  preferred 
to  gas  or  to  a  lamp. 

OCCUPATIONS  OF  THOSE   SEEKING    THE  AID  OF  GLASSES. 

I  have  caused  the  following  table  to  be  made,  showing  the 
occupations  of  the  last  thousand  patients,  who  came  to  my 
clinic  at  the  Manhattan  Eye  and  Ear  Hospital,  on  account  of 
conditions  of  the  eyes  which  required  the  use  of  glasses.  The 
occupations  which  may  be  said  to  be  those  inducing  fatigue  of 
the  eyes  are  classified  by  themselves,  as  asthenopic  occupations. 


ASTHENOPIC   OCCUPATIONS. 

Actors ....     2  Myopia. 

Agents 6  Hyperopia,  3  ;  hyperopic  astigmatism,  3. 

Architect 1  Compound  hyperopic  astigmatism. 

Artists 13  Hyperopia,  11 ;  myopia,  2. 

Awning-maker 1  Hyperopia. 

Book-folders 7  Hyperopia,  3  ;  Hyperopic  astigmatism,  3  ;  my- 
opia, 1. 

Book-keepers 9  Hyperopia,  5  ;  myopia,  3  ;  myopic  astig.  1. 

Book-sewers 2  Hyperopia,  1;  myopia,  1. 

Card-cutter 1  Hyperopic  astigmatism. 

Card-maker 1  Hyperopia. 

Carpet-layers 22  Hyperopia,  11 ;  hyperopic  astigmatism,  11. 

Chemist 1  Hyperopic  astigmatism. 

Cigar-makers 14  Hyperopia,  3  ;  hyperopic  astigmatism,  7  ;  my- 
opia, 1  ;  myopic  astigmatism,  3. 

Clerks 82  Hyperopia,    41;    Hyperopic  astigmatism,    30; 

Myopia,  9  ;  myopic  astigmatism,  2. 

Clothes  examiner 1  Myopia. 

Draftsman 1  Hyperopia. 

Electrotyper 1  Hyperopia. 

Engineer 9  Hyperopia,  4  ;  hyperopic  astigmatism,  5. 

Engraver 1  Hyperopia. 

Feather-cutter 1  Myopic  astigmatism. 

Glaziers 13  Hyperopia,  2  ;  hyperopic  astigmatism,  11. 

Hair-dressers 2  Hyperopic  astigmatism. 

Hatters  and  Hat-makers. .  .     6  Hyperopia,  3  ;  hyperopic  astigmatism,  3. 

Kid-glove  makers 2  Hyperopia,  2. 

Knitters 4  Hyperopia.  2  ;  myopic  astigmatism,  2. 

Letter-carriers 3  Hyperopia,  1  ;  hyperopic  astigmatism,  2. 

Machinists 11  Hyperopia,  4  ;  hyperopic  astigmatism,  5  ;  my- 
opia, 1  ;  myopic  astigmatism.  1 

Milliner 1  Hyperopia. 

Ministers 11  Hyperopic  astigmatism. 
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Painters 13 

Paper-hangers 3 

Photographers 4 

Printers 8 

Reporter 1 

Salesmen 2 

Sewing- women 141 

Shoemakers 22 

Silk  factory 1 

Stenographers 7 

Students 5 

Tailors 29 

Teachers 8 

Thread-mill  operator 1 

Upholsterers , 4 

Weavers 8 

486 


Hyperopia,  1 ;  hyperopic  astigmatism,  5 
mixed  astigmatism,  2 ;  myopia,  5. 

Hyperopia,  2 ;  myopia,  1. 

Hyperopia,  3  ;  myopia,  1. 

Hyperopia,  2;  hyper,  astig.,  4;  myopia,  2. 

Hyperopic  astigmatism. 

Myopia. 

Hyperopia,  66 ;  hyperopic  astigmatism,  42 
mixed  astigmatism,  3 ;  myopia,  26 ;  my- 
opic astigmatism,  24. 

Hyperopia,  8 ;  hyperopic  astigmatism,  8 
mixed  astigmatism,  2  ;  myopia,   4. 

Myopia. 

Hyperopia,  5  ;  hyperopic  astigmatism,  2. 

Hyperopia,  2 ;  hyperopic  astigmatism,  3. 

Hyperopia,  8 ;  hyperopic  astigmatism,  11 
mixed  astigmatism,  2  ;  myopia,  8. 

Complex  hyperopic  astigmatism,  3 ;  hyper 
opia,  1 ;  myopia,  3  ;  myopic  astigmatism,  1. 

Hyperopic  astigmatism. 

Myopia. 

Hyperopia,  4  ;  hyperopic  astigmatism,  4. 


NON-ASTHENOPIC  OCCUPATIONS. 

Bakers 2  Hyperopia,  1 ;  myopia,  1. 

Barbers 2  Hyperopia. 

Bartenders 9  Hyperopia. 

Blacksmiths 2  Hyperopia. 

Boatman 1  Hyperopia. 

Bonnet-frame  makers 2  Hyperopic  astigmatism. 

Bootblack 1  Hyperopic  astigmatism. 

Bottle-washer 1  Hyperopia. 

Box-makers 2  Hyperopic  astigmatism. 

Brass  finishers 12  Hyperopia,  1;  myopic  astigmatism,  11. 

Brewer 1  Hyperopia. 

Bricklayers 3  Hyperopia,  1  ;  hyperopic  astigmatism,  2. 

Butchers 4  Hyperopia,  1  ;  hyperopic  astig. ,  1 ;  myopia. 

Butler 1  Hyperopia. 

Carpenters 28  Hyperopia,  14  ;  hyperopic  astig. ,  9  ;  myopia 

Clay -pipe  maker 1  Hyperopic  astigmatism. 

Coachmen 7  Hyperopia,  2  ;  hyperopic  astigmatism,  5. 

Collector 1  Myopia. 

Conductor 1  Hj-peropia. 

Cooks 22  Hyperopia,    8 ;     hyperopic  astigmatism, 

myopic  astigmatism,  2. 

Coopers 2  Hyperopia,  1  ;  hyperopic  astigmatism.  1. 

Cup-makers 2  Hyperopia,  1  ;  myopic  astigmatism,  1. 

Cutter 1  Hyperopia. 
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Domestics 102 

Drivers 32 

Dyer '  1 

Electric  light 2 

Errand 1 

Farmers 3 

Fireman 1 

Freight  Inspector 1 

Gardeners 3 

( lateman 1 

Gilder 1 

Grooms 12 

Janitor 1 

Jeweller 1 

Keeper,  Sing  Sing 1 

Laborers 144 

Marble-cutter 1 

Matrons 3 

Messenger 1 

Missionaries 2 

Moulders 4 

No  occupation 04 

Nurses 22 

Packers 2 

Peddlers 13 

Plasterer 1 

Plumbers 13 

Policemen 12 

Porters 29 

Quarryman 1 

Roofing 2 

Sailors 10 

Soldiers'  Home 1 

Stablemen 2 

Steam-fitters 2 

Stone-cutters 5 

Switchmen 2 

Telephone  operator 1 

Tinsmith 1 

Varnish-maker 1 

"Waiters 14 

"Waitresses 5 

Washing 27 

"Watchmen 18 

"Wood-polisher 1 

645 


Hyperopia,    52;    hyperopic  astigmatism,  31; 

myopia,  8;  myopic  astigmatism,  11. 
Hyper..  15;  hyperopic  astig. ,  14;  myopia,  3. 
Hyperopic  astigmatism. 
Hyperopia. 
Myopia. 
Hyperopia,  3. 
Hyperopia. 
Hyperopia. 

Hyperopia,  1  ;  hyperopic  astigmatism,  2. 
Hyperopia. 
Myopic  astigmatism. 

Hyperopia,  1  ;  hyperopic  astigmatism,  11. 
Hyperopic  astigmatism. 
Hyperopia. 
Myopia. 

Hyperopia,  76;  hyper,  astig.,  51  ;  myopia,  17. 
Hyperopia. 

Hyperopia  ;  1  hyperopic  atigmatism,  2. 
Hyperopia. 

Hyperopia,  1  ;  hyperopic  astigmatism,  1. 
Hyperopia,  2  ;  mixed  astig.,  1  ;  myop.  astig.,  1. 
Hyperopia,  11;  hyper,  astig.,  10;  myopia,  3. 
Hyperopia,    10 ;    hyperopic   astigmatism,    11 ; 

mixed  astigmatism,  1. 
Hyperopia,  1 ;  myopia,  1. 
Comp.  myopic  astigmatism,  11  ;  myopia,  2. 
Hyperopia. 

Hyperopia,  1  ;  hyperopic  astig.,  11  ;  myopia,  1. 
Hyperopia,  1  ;  hyperopic  astigmatism,  11. 
Hyperopia,     10;     hyperopic    astigmatism,    5; 

mixed  astigmatism,  11 ;  myopia,  1 ;  myopic 

astigmatism,  2. 
Myopia. 
Hyperopia. 

Hyperopia,  6  ;  hyperopic  astigmatism,  4. 
Hyperopic  astigmatism. 
Hyperopia,  1  ;  hyperopic  astigmatism,  1. 
Myopia,  1  ;  myopic  astigmatism,  1. 
Compound  hyperopic  astigmatism  5. 
Hyperopia,  1  ;  hyperopic  astigmatism,  1. 
H3Tperopic  astigmatism. 
Hyperopic  astigmatism. 
Mixed  astigmatism. 

Hyperopia,  11 ;  hpyeropic  astigmatism,  3. 
Hyperopia,  1;  mixed  astig. ,  1;  myopia,  3. 
Hyperopia,  13;  hyper,  astig.,  9;  myopia,  5. 
Hyperopia,  7;  hyper,  astig.,  10;  myopia,  1. 
Hyperopia. 
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As  far  as  a  table  like  this  can  exhibit  any  facts,  it  seems  to 
show  that  people  occupying  themselves  excessively  with  the  use 
of  their  eyes  on  fine  objects,  do  not  require  aid  with  glasses  in 
greater  proportion  than  those  pursuing  what  might  be  termed 
non-asthenopic  occupations.  Indeed  glasses  are  asked  for  as  a 
necessity  for  the  ordinary  work  or  occupations  of  life.  To  this 
an  exception  must  be  made  in  the  exhibit  of  the  number  of  sew- 
ing-women, 141,  a  large  proportion  of  the  whole  number.  There 
were  also  102  domestics  or  female  house-servants.  Undoubtedly 
a  goodly  number  of  these  used  their  eyes  very  much  in  sewing, 
although  I  have  not  felt  justified  in  classifying  domestic  service 
as  an  asthenopic  occupation.  A  table  of  this  kind  made  up 
from  private  practice,  would  of  course  show  a  larger  proportion 
of  people  using  their  eyes  in  occupations  demanding  close  and 
exact  use  of  the  eyes.  Until  the  widespread  knowledge  of  the 
existence  of  hypermetropia  and  hypermetropic  astigmatism,  and 
of  the  benefits  from  the  use  of  spherical  and  cylindrical  glasses, 
most  of  these  patients  would  have  found  no  relief  from  a  visit 
to  an  ophthalmic  clinic.  The  table  at  least  exhibits  the  advance 
made  in  ophthalmology  since  1854,  when  Donders'  treatise  was 
published  in  the  English  language. 


CHAPTER   XXVII. 
HYPEEMETROPIA. 

Discovery  by  Donders. — Definition. — Professor  Dewey's  discovery. — The  Con- 
nection between  Hypermetropia  and  Asthenopia. — Asthenopia  caused  by 
an  Error  of  Refraction. — True  and  False  Asthenopia. — Muscular  Asthenopia. 
— Donders '  Description  of  Asthenopia  Caused  by  Hypermetropia. — Symptoms 
produced  by  the  Use  of  the  Eyes  under  Improper  Conditions. — American 
Asthenopia. — Tenotomies  of  the  External  Muscles. — Neurotic  Asthenopia. — 
Nasal  Asthenopia. — Dr.  Gruening's  Observations. — Dr.  Pooley. — Accommo- 
dative Fatigue  a  Cause  of  Asthenopia. — The  Two  Kinds  of  Asthenopia  recog- 
nized by  Drs.  Derby  and  Dyer. — The  Emmetropic  Eye. — The  Different  Forms 
of  Hypermetropia. — Mydriatics  in  Making  the  Diagnosis. — Axial  Refraction. 
— Testing  Vision  for  Glasses. — Rules  for  Prescribing  Glasses. — Acquired 
Hypermetropia. — Absolute  Hypermetropia. — The  Importance  of  Heredity. 
— Professor  Hansen-Grut. — Asthenopia  even  when  Attended  with  Hyper- 
metropia not  Always  Corrected  by  Convex  Glasses. — Spasm  of  Accommo- 
dation. — Definition.  — Calabar  Bean. 

Donders'  great  discovery  was  that  of  the  widespread  exist- 
ence of  Hypermetropia  (&nep,  beyond;  fierpov,  measure ;  &<P,  the 
eye).  This  is  the  state  of  the  eye  when  it  is  too  short  from 
before  backward.  When  the  eye  is  at  rest,  parallel  rays  are 
focused  behind  the  retina  (Fig.  163).  Convergent  rays  which 
do  not  exist  in  nature  are  united  in  such  eyes  upon  the  retina. 

This  condition,  when  of  a  high  degree,  was  known  to  exist 
here  and  there  in  the  civilized  world,  as  shown  by  the  fact  that 
young  persons  occasionally  wore  convex  glasses,  although  usu- 
ally advised  by  such  expert  writers  on  ophthalmology  as  Mac- 
kenzie, of  Glasgow,  not  to  do  so.  Our  countryman,  the  late 
Professor  Dewey,  of  Union  College,'  wrote  a  paper  describing 
the  condition,  or  its  symptoms,  but  it  may  be  said  to  have  been 
discovered  by  Donders. 

The  exact  language  of  Professor  Dewey  is  as  follows : 

"  On  an  Unnoticed  Kind  of  Abnormal  Vision. — There  are 
two  well-known  kinds  of  abnormal  vision  in  eyes  not  diseased,  the 

1  American  Journal  of  Science  and  Arts,  vol.  viii.,  November,  1849,  p.  443. 
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HYPERMETROPIA. 


Fig.    163. 


Parallel   Rays    Focusing    Behind    the 
Retina. 


far-sighted  and  the  near-sighted.  The  former  occurs  in  good  eyes, 
in  persons  advanced  in  life,  beginning  about  the  age  of  forty,  and  is 
remedied  by  plane,  or  better  by  convex,  spectacles.  The  latter  is 
found  in  youth  or  young  persons,  and  finds  its  remedy  in  concave 

glasses.  .  .  .  There  is  a 
kind  of  abnormal  vision, 
different  from  either  of 
these,  which  is  not  far- 
sighted  nor  near  -  sighted, 
but  in  which  near  small 
objects,  or  larger  distant 
objects,  are  not  seen  with 
distinctness.  This  imper- 
fection occurs  in  children 
and  young  persons,  and  is 
remedied  by  convex  spectacles  which  are  suited  to  the  eyes  of  persons 
from  sixty-five  to  seventy  years  of  age.  The  younger  eyes  require 
the  older  glasses,  and  with  advancing  years  less  convex  glasses  are 
required.  At  the  age  of  forty-five  or  more,  this  kind  of  abnormal 
vision  becomes  much  dimin- 
ished. As  the  young  use  the 
glasses  of  the  far-sighted,  this 
kind  may  be  called  neo-mac- 
ropia.  It  is  evident  that 
convex  glasses  produce  that 
change  in  the  rays  of  light 
which  fits  such  eyes  to  see  dis- 
tinctly small  and  large  objects 
at  varying  distances.  This 
fact  proves  that  there  is  no  de- 
fect in  the  adjusting  power  of  the  eyes.  The  cause,  then,  is  to  be 
sought  in  the  structure  of  the  eye." 


Fig.  164.— Parallel  Rays  Focusing  Exactly  on 
the  Retina. 


Professor  Dewey  goes  on  to  say  that  these  causes  may  be  as 
follows : 

"  First,  too  little  convexity  of  the  crystalline  lens ;  second,  its  posi- 
tion too  near  the  retina;  or,  third,  its  too  little  density.  The  second 
is  the  probable  cause.  Spectacles  sufficiently  convex  would  bring  the 
rays  to  a  focus,  let  either  or  all  of  the  three  causes  operate,  and  with 
the  usual  adjusting  power  of  the  eye,  give  distinct  vision  for  near  or  re- 
moter objects.  Though  this  kind  of  abnormal  vision  seems  not  to  have 
attracted  attention,  for  I  have  found  but  one  allusion  to  it  in  consult- 
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ing  authorities  on  optics,  it  is  relatively  common.  In  New  England 
and  New  York  more  than  fifty  instances  of  it  have  come  to  my 
knowledge  in  the  five  or  six  years  past.  A  child  of  fifteen  was  able 
to  see  distinctly,  for  the  first  time,  by  the  use  of  his  grandfather's 
spectacles.  A  young  man  of  eighteen  required  convex  glasses  of  ten 
inches  focus,  while  persons  of  seventy  years  use  those  of  fourteen  to 
eighteen  inches  focus.  Children  often  make  little  progress  in  study 
because  they  do  not  see  objects  distinctly,  though  the  defect  is  not 


Fig.  165.— Showing  the  action  of  a  Convex  Lens  Placed  in  Front  of  an  Eye  that  is  Too 
Short.    The  dotted  lines  show  the  increased  convergence  caused  by  the  lens. 

suspected  by  them,  and  is  utterly  unknown  to  parents  and  teachers. 
A  knowledge  of  this  subject  will  make  spectacles  a  still  greater  bene- 
fit to  our  race." 

Professor  Dewey  continued  this  subject  in  1856,1  by  saying 
that  he  has  found  many  other  cases.  He  remarks  that  Dr.  De- 
Forest,  of  the  Syrian  Mission,  described  to  him  a  marked  in- 
stance of  it  in  a  girl  belonging  to  the  mission  at  Beirut.  He 
says  there  is  a  striking  instance  in  his  city  (Schenectady)  now 
before  him,  a  boy  near  fourteen  years  of  age: 

"  He  never  saw  objects  distinctly  until  he  happened  to  put  on  the 
spectacles  used  by  his  grandfather.  He  now  uses  constantly  the 
convex  glasses  suited  to  ordinary  eyes  of  persons  eighty  years  of 
age.  Indeed  the  focus  is  much  too  short  for  my  old  eyes,  as  his 
glasses  have  the  principal  focus  less  than  six  inches,  while  mine  is 
fourteen  inches.  Without  glasses  he  can  see  very  little,  and  with 
them  at  all  distances  distinctly." 

While  Professor  Dewey  had  many  incorrect  ideas  in  regard 
to  this  condition,  he  was  right  in  so  many,  that,  had  he  pub- 
lished his  observations  in  a  medical  journal,  with  his  urgent  ad- 
vice that  convex  glasses  be  given  to  such  children  instead  of 
denying  them  to  them,  as  eminent  authorities  then  advised  we 
should  be  able  to  give  him  the  honor  of  having  discovered  the 

1  American  Journal  of  Science  and  Arts,  vol.  xxii.,  November,  1856,  p.  301. 
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condition  which  he  called  neo-macropia,  but  which  is  better 
known  as  hypermetropia.  This  discovery  of  hypermetropia 
was  made  possible  only  by  the  ophthalmoscope,  although  its  exist- 
ence could  have  been  inferred,  as  it  was  by  Dewey,  by  the  familiar 
fact  to  which  I  have  alluded,  that  the  eyes  of  certain  young 
persons  were  benefited,  that  is,  the  vision  was  improved,  by  the 
use  of  convex  glasses,  when  the  lens  was  proven  to  be  present. 
Yet  to  all  essential  purposes,  it  was  Donders  who  first  demon- 
strated the  frequent  existence  of  an  eyeball  too  short  from  be- 
fore backward,  an  eye  of  low  refractive  power,  which  was 
greatly  assisted  in  its  work  by  the  use  of  convex  glasses. 

In  hypermetropia  he  found  the  chief  cause  of  asthenopia.  In- 
deed his  statement  is  so  broad,  that  it  is  evident  that  he  consid- 
ered true  asthenopia  as  always  caused  by  hypermetropia.  His 
exact  words  are  :'  "  I  have  already  asserted  that  hypermetropia  is 
usually  at  the  bottom  of  asthenopia.  The  truth  of  this  assertion 
has  been  doubted.  I  now,  however,  go  a  step  further,  and 
venture  to  maintain,  that  in  the  pure  form  of  asthenopia,  hyper- 
metropia is  scarcely  ever  wanting."  The  investigations  of  the 
last  thirty-five  years  have  not  overthrown  the  fundamental 
truth  of  this  statement.  But  increased  knowledge  has  forced 
us  to  give  hyperopic  astigmatism,  a  more  prominent  place  in  the 
production  of  asthenopia,  than  was  formerly  assigned  to  it. 

ASTHENOPIA. 

It  will  be  more  convenient  to  discuss  the  general  subject  of 
asthenopia  under  the  heading  of  hypermetropia  than  at  any 
other  point,  since  we  have  such  high  authority  for  consider- 
ing a  hypermetropic  formation  of  the  eyeball  to  be  at  the  foun- 
dation of  most  cases  of  true  asthenopia.  As  I  fully  adopt  this 
opinion,  having  amplified  it  in  the  manner  indicated  by  includ- 
ing hyperopic  astigmatism,  I  wish  to  set  forth  plainly  what  I 
consider  to  be  erroneously  called  asthenopia,  as  well  as  the 
real  symptoms. 

Asthenopia  may  be  divided  into  true  or  local,  and  the  false 
or  symptomatic.  I  regard  true  asthenopia  as  that  which  de- 
pends upon  a  refractive  anomaly,  and  I  consider  that  as  symp- 

1  "Anomalies  of  the  Refraction  and  Accommodation  of  the  Eye,"  p.  261. 
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tomat ic  or  false,  which  depends  on  some  error  in  the  general 
nutrition,  neurotic  constitution,  nervous  exhaustion,  or  the  like. 
These  have  been  very  much  confounded  in  the  discussions  which 
have  obtained  in  this  country  on  litis  subject,  but  I  hope  to  make 
the  whole  matter  so  clear,  that  the  student  will  have  no  difficulty 
in  recognizing  the  two  forms. 

It  is  my  conviction  that  the  time  has  come,  when  the  whole 
subject  of  asthenopia  maybe  rewritten  in  the  light  of  recent  in- 
vestigations. My  readers  need  not  lie  reminded,  that  the  scien- 
tific consideration  of  this  subject,  is  entirely  a  matter  of  the  last 
thirty  to  thirty-two  years.  It  was  not  until  then,  that  glasses 
were  adjusted  on  scientific  principles.  These  principles  were 
laid  down  by  Donders,  first  by  communications  in  the  Dutch 
language  in  medical  articles,  which  of  course  had  a  very  limited 
circulation,  and  then  in  his  monograph  on  astigmatism  and 
cylindrical  glasses.  Finally  in  1861  or  1862,  the  whole  English- 
speaking  profession  was  reached  by  his  famous  work,  on  the 
"Anomalies  of  Refraction  and  Accommodation  of  the  Eye." 

Whatever  follows  in  the  chapters  which  I  now  present,  is 
built  on  the  broad  and  solid  foundation,  which  the  eminent  Dutch 
physiologist  then  laid  down.  But  it  was  only  a  foundation.  No 
complete  superstructure  could  be  erected  until  the  materials  had 
been  gathered  from  far  and  near.  The  time,  however,  for  this, 
it  seems  to  me,  has  come.  This  whole  subject  has  been  investi- 
gated in  various  directions,  by  many  observers,  some  of  them 
of  the  highest  order,  and  a  vast  quantity  of  material  has  been 
collected,  which  has  not  yet  been  used  in  any  complete  treatise 
of  which  I  have  any  knowledge.  What  is  much  worse,  there 
has  been  a  great  deal  written,  avowedly  not  on  the  basis  of 
Donders'  investigations,  but  claiming  to  involve  new  ideas  on 
this  subject,  which  seems  to  me,  in  many  instances,  to  be  but  a 
going  back  to  the  erroneous  doctrines  which  Donders  undertook 
to  combat. 

I  shall  attempt  to  define  the  condition  known  as  asthenopia, 
on  a  somewhat  broader  basis  than  that  adopted  by  Donders.  but 
yet  essentially  the  same.  Asthenopia  means  an  inability  to  con- 
tinue to  use  the  eyes  on  near  objects,  without  involving  painful 
consequences.  Some  of  these  consequences  are  at  once  appreci- 
able, and  cause  the  patient  to  stop  his  occupation,  indeed  compel 
2«J 
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him  to.  Such  are,  pain  in  the  eyeballs,  watering  of  the  eyes,  feel- 
ing as  if  sticks  were  in  them,  a  band  running  about  the  eye,  and 
so  forth.  But  there  is  another  set  of  symptoms,  which  do  not 
compel  the  patient  to  stop  work,  and  for  which  he  does  not 
always  seek  relief.  Inflammation  of  the  edges  of  the  eyelids, 
peculiar  headaches,  and  conditions  resulting  from  asthenopia, 
which  have  not  been  until  lately  generally  recognized  in  the 
profession,  also  depend  upon  it.  This  neglect  to  seek  relief  at 
the  hands  of  surgeons  is  due  to  the  old  tradition,  that  nothing 
can  be  done  for  such  a  state  of  things.  Of  late  years,  too  much 
stress  has  been  laid  upon  the  condition  of  the  eyes  in  producing 
constitutional  symptoms.  Certain  constitutional  conditions  that 
involve  accommodative  fatigue,  or  fatigue  of  the  ciliary  mus- 
cles, may  produce  symptoms  simulating  true  asthenopia,  but 
these  should  be  carefully  distinguished  from  those  resulting 
from  errors  of  refraction.  Epilepsy,  chorea,  and  so  forth,  have 
been  thought  to  result  from  these  conditions.  With  that 
doctrine,  after  patient  and  careful  investigation,  I  have  no  sym- 
pathy. I  shall  teach  that  there  are  no  reflex  symptoms  from  the 
eyes,  unless  the  eyes  themselves  give  warning  that  they  are  not 
doing  their  work  properly.  Latent  errors  of  refraction  have 
ATery  little  to  do  as  a  rule,  in  my  opinion,  even  in  the  causation 
of  asthenopia,  and  nothing  whatever  in  the  production  of  con- 
stitutional disease. 

MUSCULAR  ASTHENOPIA. 

Although  I  formerly  accepted  the  ordinary  classification  of 
an  asthenopia  dependent  upon  insufficiency  of  the  external  ocu- 
lar muscles,  I  have  come  finally  to  reject  it  altogether.  Of 
course,  I  do  not  deny  the  existence  of  insufficiencies  of  the 
interni,  chiefly  in  myopia,  and  of  the  externi,  principally  in 
hypermetropia,  nor  do  I  deny  that  there  are  many  eyes 
whose  external  muscles  are  not  capable  of  doing  the  aver- 
age degree  of  work,  but  I  hold  that  all  these  conditions  de- 
pend on  static,  fixed  conditions  of  the  eyeball;  that  they  arc 
direct  consequences  of  these  conditions  and  should  not  be 
denied  a  special  nomenclature,  but  should  be  classed  under 
the  heading  of  asthenopia  occurring  in  myopia,  hypermetropia, 
hypermetropic  astigmatism,  and  so  forth,  from  faulty  confornia- 
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lion  of  the  eye.  I  formerly  measured  the  relative  power  of 
muscles,  but,  as  has  been  shown  in  another  part  of  this  book, 
this  relative  power  varies  in  different  individuals,  who  have  no 
trouble  with  their  eyes,  and  I  therefore  no  longer  measure  it, 
any  more  than  does  the  surgeon  the  relative  contractile  power 
of  the  fingers,  legs,  or  arms.  Physiologically,  it  may  be  in- 
teresting, but  it  can  do  nothing  toward  a  proper  treatment. 

It  is  well  known  to  the  profession,  that  in  1841-42  Bonnet 
and  Petrequin,  supposed  that  they  had  found  the  primary  cause 
of  asthenopia  in  the  muscles  of  the  eye,  but  especially  in  the  ex- 
ternal muscles.  Mackenzie  shared  their  view,  and  endeavored 
to  show  that  asthenopia  was  not  entirely  due  to  a  fault  in  the 
accommodative  muscle. '  While  Donders  removed  a  very  large 
class  of  cases  from  the  category  of  muscular  asthenopia  by  his 
discovery  of  hypermetropia,  he  still,  owing,  as  I  think,  to  his 
reverence  for  the  opinions  of  Graefe,  admits  a  separate  discus- 
sion of  asthenopia,  due  to  the  insufficiency  of  the  internal  recti. 
It  was  from  Graefe's  work  that  muscular  asthenopia  held  its 
position  for  a  long  time,  and  does  still  in  very  large  circles,  and 
was  and  is  treated  by  prisms  and  tenotomies.  In  America,  espe- 
cially, many  of  the  profession,  ascribe  not  only  asthenopia,  but 
also  grave  constitutional  affections,  to  weakness  of  the  muscles 
of  the  eyeball. 

It  was  chiefly  in  Paris  by  Javal,  and  his  limited  following, 
prominent  among  whom  was  Dr.  G.  J.  Bull,  that  astigmatism 
was  brought  forward  as  making,  with  hypermetropia,  the  prin- 
cipal factor  in  the  causation  of  asthenopia.  My  chief  reason  for 
the  giving  up  of  the  treatment  of  muscular  asthenopia,  as  such, 
was  first  suggested  to  me  by  the  fact,  that  in  a  large  number  of 
cases  correction  of  astigmatism  entirely  removed  the  necessity  for 
prisms,  and  the  troublesome  symptoms  that  were  ascribed  to  be 
dependent  upon  muscular  insufficiencies,  and  with  more  thorough 
examination  for  astigmatism,  the  number  of  these  cases  increased. 
The  perfection  of  the  ophthalmometer  in  1888  soon  made  me 
abandon  all  other  means  of  determining  the  existence  of  astig- 
matism, and,  as  indicated,  for  this  I  undertook  a  series  of  ex- 
aminations of  the  ocular  muscles  in  persons  clearly  not  astheno- 
pic,  nor  suffering  from  nervous  disease,  with  the  results  above 
1  Ophthalmic  Review,  October,  1890. 
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stated.  I  believe  that  if  we  set  aside  sentiment  as  to  Graefe's 
discoveries  and  preconceptions,  and  examine  asthenopia  in  the 
light  of  Donders'  work  upon  hypermetropia,  and  that  of  Javal 
upon  astigmatism,  we  shall  have  no  occasion  to  look  to  insuffi- 
ciencies as  faults  needing  correction,  except  when  they  cause 
deformity  or  destroy  binocular  vision,  when,  if  possible,  they  are 
to  be  removed  by  operations.  The  sources  of  true  asthenopia 
and  its  results  are,  in  my  judgment,  to  be  found  in  ametropia. 

The  following  case  illustrates  very  well  the  class  of  cases  for 
which  divisions  of  the  muscles  are  performed,  and  which  were 
formerly  classified  under  the  head  of  "muscular  asthenopia:" 

I  saw  the  case  first  in  1880,  some  seven  years  before  my  thor- 
ough knowledge  of  the  importance  of  correcting  astigmatism 
before  taking  any  account  of  muscular  defects. 

The  subject,  Mr.  H.  A.  X.,  is  a  clergyman,  30  years  of  age  when 
I  first  saw  him,  now  43,  who  is  of  a  neurotic  disposition  and  tem- 
perament, and  of  neurotic  ancestry.  I  knew  his  father  and  other 
members  of  the  family,  and  will  describe  him  as  a  gentleman  who  laid 
great  stress  on  very  small  matters, — was  painfully  exact,  painfully 
sensitive.  This  is  a  type  of  case  that  one  often  sees,  and  they  be- 
come ready  victims  to  any  prolonged  system  of  medication,  by  which 
great  hopes  of  cure,  of  what  is  incurable,  are  held  out.  His  history 
was,  when  he  first  consulted  me,  that  he  had  observed  double  vision 
when  looking  through  an  opera-glass,  and  at  other  times,  some  fatigue 
in  reading;  objects  ran  together.  He  was  in  good  health.  Distant 
objects  were  sometimes  blurred.  His  vision  was  §£  on  each  side. 
He  would  accept  no  glasses.  His  near  point  was  six  inches.  His 
interni  overcame  prisms  of  10°,  the  externi  12°.  The  refraction  of 
his  eyeball  was  hyperopic.  No  astigmatism  was  discovered,  and 
he  was  given  a  weak  convex  glass.  He  had  had  double  vision  at 
times  from  his  youth,  suffered  from  headaches,  dyspepsia,  pain  in 
the  back.  He  had  migraine.  I  saw  him  again  one  year  afterward, 
when  he  had  more  symptoms,  tired  feelings  in  his  eyes,  even  when 
not  working.  In  looking  to  the  right  objects  were  spread  and  blurred, 
either  with  or  without  glasses.  No  distinct  double  vision  now. 
Finds  comfort  in  his  weak,  convex  glass.  He  had  a  painful  upper, 
molar  tooth,  the  extraction  of  which  was  advised.  His  interni  then 
could  overcome  a  prism  of  18°,  externi  one  of  12°.  Movements  were 
normal.  He  was  not  seen  again  for  three  years,  when  he  had  pain 
in  his  eye,  some  photophobia,  considerable  headache,  which  comes 
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and  goes.  Thinks  the  glasses  make  his  eyes  itch.  Vision  as  before. 
Conjunctiva  injected.  He  then  left  me,  and  did  not  appear  again  for 
six  years,  when  he  had  had  his  muscles  operated  upon, — his  extern i 
divided,  I  think.  He  was  still  not  comfortable,  although  he  man- 
aged to  keep  on  in  his  profession,  and  do  his  work  with  more  or  less 
thoroughness.  In  189]  1  examined  him  with  the  ophthalmometer, 
and  found  he  had  a  diopter  of  corneal  asthenopia  and  prescribed  a 
glass  of  one-half  a  diopter  to  each  eye.  He  finds  his  glasses  pretty 
comfortable — thinks  he  is  better  than  he  ever  has  been.  In  1893  he 
is  using  his  eyes  more  and  more.  Without  his  glasses  would  see 
double.  His  near  point  is  still  at  seven  inches,  with  or  without  his 
cylinders.     He  was  advised  to  use  them  for  reading. 

A  man  having  this  condition  of  refraction,  of  vigorous 
physique,  not  accustomed  to  worry  about  trifles,  would  never  have 
had  any  trouble  until  he  became  presbyopic.  I  only  quote  his 
case  to  give  an  idea  of  that  large  number  of  American  asthe- 
nopes  who  suffer  in  this  way,  who  usually  have  from  one  to  one 
and  one-half  diopters  of  corneal  astigmatism,  with  from  one  to 
three  or  four  diopters  of  hypermetropia.  In  my  opinion,  the 
very  best  that  can  be  done  for  them  is  to  make  rather  light  of 
their  troubles,  and  correct  the  astigmatism.  This  accomplishes 
more  than  any  other  system  of  treatment,  and  if  the  practitioner 
is  firm  with  them,  and  informs  the  patient  that  this  is  the  best 
that  can  be  done,  they  go  on  with  their  work,  and  do  it  with 
very  little  inconvenience.  At  any  rate,  the  double  vision  will 
be  broken  up.  The  convex  glasses  will  very  often  accomplish 
the  same,  but  since  I  have  corrected  the  corneal  astigmatism  of 
one  diopter,  in  this  w^ay,  I  have  had  even  more  satisfaction  than 
by  the  older  methods,  although,  so  long  as  one  does  not  advise 
prisms  or  operations  on  the  muscles,  the  patient  will  do  fairly 
well  by  using  convex  glasses. 

It  remains  a  fact,  however,  that  true  asthenopia,  that  is, 
asthenopia  disconnected  with  serious  organic  changes  in  the  eye- 
ball, or  with  constitutional  disorders,  which  are  generally  of  a 
neurotic  character,  is  chiefly  caused  by  an  error  of  refraction, 
and  that  error  is  an  hypermetropic  conformation  of  the  eyeball, 
either  of  the  cornea  or  of  the  eyeball,  or  both. 

Certain  neurologists  assume  that  they  can  diagnosticate  the 
origin  of  the  headache  from  its  situation.     I  present  herewith 
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an  interesting  diagram  from  the  text-book  of  Dr.  Dana.1  I 
have  not  been  able  to  substantiate  or  disprove  the  correctness  of 
Dr.    Dana's  view  as  to  the  situation  of  headaches,  dependent 
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upon  uncorrected  errors  of  refraction,  but  I  think  the  diagram 
is  an  important  one,  and  ought  to  be  studied  by  those  who  treat 
diseases  of  the  eye. 


ABSENCE   OF  ASTHENOPIA   IN   MYOPES. 

Myopes  are  rarely  asthenopic.  When  their  eyes  suffer  in  the 
use  of  them  for  near  objects,  it  is  usually  because  the  myopia  is 
progressive,  and  attended  by  considerable  congestive  or  inflam- 
matory changes.  This  is  not  true  asthenopia,  although  often 
confounded  with  it.  Then  again,  certain  invalids,  neurotic  in- 
valids, suffering  from  neurasthenia  often  have  great  difficulty 
in  using  their  eyes,  but  they  also  have  difficulty  in  performing 
many  functions  of  the  body.  No  adaptation  of  glasses  will  ma- 
terially assist  such  persons,  except  by  what  may  be  termed  sug- 
gestion. Their  cases  should  be  rigorously  excluded  from  the 
classification  of  true  asthenopia.  Again,  women  suffering  from 
real  or  imaginary  uterine  diseases,  are  often  unable  to  use  their 
eyes  at  all  continuously,  or  without  inconvenience,  which  in 
many  cases  is  greatly  magnified  by  their  own  morbid  sensitive- 
ness. These  persons  very  often  show  no  error  of  refraction 
worthy  of  the  name,  and  even  if  they  do,  the  proper  correction 
will  not  always  give  them  perfect  relief.  Their  cases  also  should 
not  be  classed  under  those  of  true  asthenopia.     Then  again,  after 


1  "  Text-  Book  of  Nervous  Diseases, "  New  York,  1893. 
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serious  diseases,  such  as  typhoid  fever,  fevre  nerveuse,  or  nervous 
fever  of  the  French,  there  is  generally  considerable  inability  to 
use  the  eyes.  This  may  last  for  months,  but  it  is  usually,  if  not 
always,  entirely  recovered  from  and  without  local  treatment. 

The  form  of  asthenopia  which  Donders  believed  to  be  caused 
exclusively  by  hypermetropia,  may  be  best  described  in  his  own 
words : 

"The  eye  has  a  perfectly  normal  appearance,  its  movements 
are  undisturbed,  the  convergence  of  the  visual  lines  presents  no 
difficulties,  the  power  of  vision  is  usually  acute,  and  nevertheless 
in  reading,  writing,  and  other  close  work,  especially  by  artificial 
light,  or  in  a  gloomy  place,  the  objects  after  a  short  time  be- 
come indistinct  and  confused,  and  a  feeling  of  fatigue  and  ten- 
sion comes  on,  in  and  especially  above  the  eyes,  necessitating  a 
suspension  of  work.  The  person  so  affected  now  often  involun- 
tarily closes  his  eyes  and  rubs  his  hand  over  his  forehead  and 
eyelids.  After  some  moments'  rest,  he  once  more  sees  distinctly, 
but  the  same  phenomena  are  again  developed  more  rapidly  than 
before.  The  longer  the  rest  has  lasted,  the  longer  can  he  now 
continue  his  work.  Thus,  after  the  rest  of  Sunday,  he  begins 
the  new  week  with  fresh  ardor  and  fresh  power,  followed,  how- 
ever, by  new  disappointment.  If  he  is  not  occupied  with  look- 
ing at  near  objects,  the  power  of  vision  appears  to  be  normal, 
and  every  unpleasant  feeling  is  entirely  absent.  If,  on  the  con- 
trary, he  endeavors,  notwithstanding  the  inconvenience  which 
arises,  by  powerful  exertion  to  continue  close  work,  the  symp- 
toms progressively  increase,  the  tension  above  the  eyes  gives 
place  to  actual  pain,  sometimes  even  slight  redness,  and  a  flow 
of  tears  ensues.  Everything  is  diffused  before  the  eye,  and  the 
patient  now  no  longer  sees  at  first  well.  Even  at  a  distance, 
after  too  long-continued  tension,  he  is  obliged  to  refrain  for  a 
long  time  from  any  close  work.  It  is  remarkable  that  pain  in 
the  eyes  themselves,  even  after  continued  exertion,  is  a  rare  oc- 
currence." 

I  have  quoted  this  admirable  description,  which  has  now  be- 
come classical,  in  full,  lest  the  student  or  practitioner  beginning 
the  study  of  asthenopia,  may  confound  the  pure  form  with  that 
which  is  but  a  symptom  of  general  inability  to  properly  perform 
any  function  requiring  muscular  exertion.     Keeping  this  defini- 
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tion  well  in  mind,  it  will  soon  be  easy  to  find  those  cases  of 
errors  of  refraction  that  actually  cause  asthenopia. 

To  Donders'  definition  we  may  perhaps  add,  for  the  sake  of 
clearness,  that  these  symptoms  sometimes  cause  headaches,  that 
may  be  directly  traced  to  the  use  of  the  eyes.  We  may  also 
say  that  local  congestions,  finally  becoming  active  inflamma- 
tory processes,  blepharitis  ciliaris,  hordeola  (styes)  sometimes 
result  from  the  persistent  use  of  the  eyes  under  improper  condi- 
tions. We  may  also  admit  that  those  thus  afflicted  may  become 
melancholic,  and  take  morbid  views  of  life,  that  their  digestion 
might  become  impaired,  but  these  things  that  only  exceptionally 
result  from  uncorrected  errors  of  refraction,  form  no  warrant  for 
the  extravagant  claims  that  have  been  made,  that  epilepsy, 
chorea,  idiocy,  or  even  migraine,  are  caused  by  want  of  adjust- 
ment of  the  muscles  of  the  eyes. 

It  is  chiefly  in  the  United  States,  that  this  extended  definition 
of  asthenopia  has  become  current.  Abroad  a  certain  inability 
to  use  the  eyes  without  marked  symptoms,  is  sometimes  known 
as  American  asthenopia.  My  own  experience  shows  that  the 
vast  majority  of  patients  who  have  consulted  me  have  come  on 
account  of  symptoms  referable  to  their  eyes  only.  In  accord- 
ance with  the  theory  that  the  causes  of  chorea,  epilepsy,  and 
so  forth,  are  to  be  found  in  an  error  of  refraction,  or  in  the 
want  of  proper  action  of  the  external  muscles,  it  is  not  nec- 
essary that  the  eye  or  its  appendages  should  manifest  any 
symptoms  at  all.  They  may  be,  it  is  claimed,  completely  con- 
cealed. Patients  who  never  had  an  ocular  symptom  are  told 
that  all  their  troubles  proceed  from  their  eyes.  This  I  do  not 
believe  is  sound  doctrine.  A  foreign  body  of  any  kind  in  any 
part  of  the  body,  if  it  cause  reflex  symptoms,  will  also  cause 
symptoms  at  its  situation.  If  we  actually  have  reflex  disturb- 
ances of  the  nervous  system  from  the  eye,  the  eye  itself  will 
manifest  symptoms. 

My  reader  will  see  from  all  this,  that  it  is  my  belief  that 
there  will  be  no  difficulty  in  tracing  to  the  eye,  in  subjective 
symptoms,  any  conditions  that  may  require  surgical  operations, 
or  the  use  of  glasses. 

I  frequently  see  young  women  or  young  men,  of  delicate 
constitution,  of  tuberculous  ancestry,  who,  among  other  symp- 
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toms,  finally  show  some  ocular  ones,  who  have  been  operated 
upon  by  tenotomies  of  their  external  muscles  until,  as  their 
relatives  and  friends  voluntarily  state,  they  are  completely  de- 
moralized. 

Such  a  patieut  has  just  appeared  before  me :  A  young  woman, 
of  23  years  of  age,  wearing  shade,  glasses  and  prisms,  having  a  vision 
of  f^  in  the  right  eye,  yet  complaining  that  she  could  not  bear  the 
light,  that  she  could  do  nothing  at  all  at  a  near  point  with  her  eyes, 
although  a  frank  letter  from  her  physician  states  that  he  has  operated 
upon  her  until  he  despairs  of  making  her  any  better,  though  he  has 
produced  what  he  calls  "parallelism  of  the  muscles."  This  young 
woman  had  an  astigmatism  of  1}D.  in  each  eye,  which  had  been 
wholly  overlooked,  so  bent  were  her  advisers  on  securing  the  muscu- 
lar balance. 

With  my  views,  such  a  patient  should  devote  great  care  to  her 
general  health,  not  wear  glasses,  except  for  reading  and  writing,  and 
then  wear  those  that  would  correct  her  astigmatism.  Under  no  cir- 
cumstances should  any  operations  have  been  performed.  Operations 
here,  as  in  hundreds  of  other  cases,  have  done  harm,  which  is  possi- 
bly irreparable. 

NEUROTIC   ASTHENOPIA. 

It  will  be  seen  that  my  definition  of  asthenopia  is  a  very 
limited  one,  but  there  is  an  inability  to  use  the  eyes,  connected 
with  nervous  disease,  which  I  have  long  since  called  neurotic 
asthenopia.  It  depends  on  the  constitutional  conditions  of  the 
body,  and  not  on  the  eye,  although  the  eye  suffers  from  the 
nervous  deterioration.  Perhaps  what  I  mean  by  "neurotic  as- 
thenopia" can  be  better  expressed  by  a  case  than  any  further 
discussion.  Such  patients  become  a  prey  to  credulous  physi- 
cians, who  forget  that  neurotic  patients  give  full  rein  to  their 
imagination  and  emotions,  and,  like  old-fashioned  dyspeptics, 
who  weigh  their  food,  and  devote  their  whole  time  to  their 
symptoms,  so  the  neurotic  of  the  present  day,  if  he  receives  the 
encouragement  that  he  often,  unfortunately,  does,  will,  moment 
by  moment,  watch  each  feeling  he  may  have  in  his  eyes,  and 
demand  a  change  of  glasses  for  every  change  of  sensation. 

While  writing  these  words  I  was  consulted  by  a  merchant  of 
o'l  years  of  age,  of  New  England  extraction,  which,  by  the  way, 
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furnishes  a  larger  contingent  of  neurotics  than  do  the  Middle  and 
Southern  States.  About  the  West,  I  am  not  so  well  informed,  but 
I  think  they  share  somewhat  in  the  disposition  of  their  New  Eng- 
land ancestors  to  anxious  self- introspection.  This  gentleman  is  large 
and  well  developed.  He  admits  that  he  is  very  nervous,  that  he 
thinks  much  of  himself.  He  was  fitted  with  glasses  for  his  ocular 
symptoms  by  a  competent  oculist  some  years  ago,  but  from  that  time 
to  this  he  has  been  consulting  various  authorities,  and  changing  his 
glasses  according  to  the  different  advice  that  he  may  receive  at  differ- 
ent times.  Actually,  his  condition  is  one  which  usually  requires  no 
glasses  at  all.  His  vision  is  -f-2-  in  each  eye.  He  can,  however,  on 
some  days  wear  a  +  1-50  D.  without  any  blurring  of  the  Snellen's 
type.  He  has  no  corneal  astigmatism.  His  occupation  consists  in 
selling  goods  by  wholesale,  and  he  occasionally  travels  about  for  that 
purpose,  but  he  is  obliged  sometimes  to  look  at  samples  during  the 
day.  He  does  no  writing.  On  his  first  visit,  he  said  that  he  did  not 
think  the  glasses  he  was  wearing  were  exactly  right.  He  was  wear- 
ing -f  ID.  for  all  things,  and  all  the  time.  Although  his  vision  was 
perfect  without  glasses,  he  could  not  go  about  without  their  aid  on 
account  of  nervous  symptoms  that  appeared,  did  he  not  wear  them. 
Then  he  could  not  look  at  objects  a  few  feet  from  him,  or  farther  from 
him  than  a  book,  without  glasses.  These,  he  thought,  ought  to  be 
of  a  different  number.  Then  he  thought  he  ought  to  have  stronger 
glasses  for  reading.  Of  course,  this  case  was  considered  hopeless 
from  the  start.  He  comes  under  the  head  of  a  neurasthenic  or  a  neu- 
rotic type,  such  as  has  been  described  in  the  preceding  pages,  and 
who,  if  he  does  not  have  a  disease  in  his  eyes,  will  have  it  in  his 
stomach,  or  some  other  part  of  his  body.  But,  as  he  had  seen  most 
of  my  brethren  in  the  profession,  I  allowed  him  to  consult  me.  I 
could  make  no  new  suggestions,  except  that  he  should  attempt  to  go 
without  glasses.  In  a  few  days  he  returned,  and  said  that  this  was 
impossible,  but  instead  of  wearing  +  1D.,  that  he  could  wear  +  f  of 
a  diopter,  and  that  he  found  this  more  comfortable  than  the  1  D.  Im- 
agine a  human  being,  with  good  sight,  who  can  tell  the  difference  be- 
tween a  glass  one-half  a  diopter  and  one  three-quarters  a  diopter !  Two 
weeks  later  he  again  returned  and  said  he  was  now  very  comfortable 
for  everything  except  for  reading — that  he  did  not  find  his  reading 
glasses  comfortable,  and  he,  therefore,  desired  them  a  little  weaker. 

This  man  will  go  on,  ringing  the  changes  upon  his  glasses, 
until  some  serious  trouble  in  some  other  part  of  his  body  really 
attacks  him;    then  he  will  forget  his  eyes,  because  he  has  noth- 
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ing  in  them  that  would  give  him  any  trouble,  were  it  not  that 
he  devotes  much  of  his  time  to  a  consideration  of  his  ocular 
symptoms.  In  this  unprofitable  use  of  it,  he  has  been  encour- 
aged by  a  narrow  specialism. 

NASAL   ASTHENOPIA. 

Dr.  Gruelling  '  some  years  since  wrote  a  paper  upon  the 
relief  of  asthenopic  symptoms  by  treatment  of  the  nose,  and 
presented  a  large  series  of  cases  with  the  following  features: 

"  1.  Burning  and  smarting  sensation  of  the  lids  of  the  eyes, 
more  pronounced  in  the  morning  than  in  daytime. 

"•2.   Inability  to  fix  an  object  in  ordinary  daylight. 

"3.  Increased  vascularity  of  the  conjunctiva,  and  lachry- 
mation  upon  slight  provocation,  such  as  a  mild  current  of  air. 

"4.   Sound  condition  of  the  eyes  and  their  appendages. 

"  5.   Inefficiency  of  the  ocular  and  the  general  treatment. 

"  6.  Efficiency  of  the  nasal  treatment  in  spite  of  the  absence 
of  nasal  symptoms." 

These  he  found  were  only  to  be  cured  by  treatment  of  the 
nose.  I  have  not  seen  any  such  proportion  of  cases  as  has  Dr. 
Gruelling.  Convinced  as  I  am  of  the  great  importance  of  treat- 
ing the  nose  in  certain  affections  of  the  conjunctiva  and  cornea, 
as  I  have  plainly  set  forth  in  this  volume,  I  have  found  but  very 
few  that  answer  to  Dr.  Gruening's  account,  and  inasmuch  as 
he  admits  that  it  is  not  possible  always  to  tell  by  an  examina- 
tion of  the  nose  which  are  the  cases  due  to  nasal  troubles,  I  may 
venture  to  suggest  that  the  use  of  the  ophthalmometer  would 
find  a  larger  proportion  of  them  ametropic  than  Dr.  Gruening 
has,  in  his  series  of  one  hundred  and  fifty  patients,  and  that 
some  of  them  might  be  relieved  by  correction  of  the  astigma- 
tism. Still,  it  is  a  very  important  subject,  and  Dr.  Gruening's 
observations  are  entitled  to  the  highest  consideration.  The 
argument  that  he  uses  is,  that  if  irritations  of  the  Schneiclerian 
membrane  will  produce  grave  symptoms  in  different  parts,  why 
should  the  neighboring  eyes  be  spared? 

Dr.  Pooley  3  also  entered  upon  this  subject  of  asthenopia  not 

1  Medical  Record.  Jan.  30th,  1886. 

-  New  York  Academy  of  Medicine,  Dec.  21st,  1893. 
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dependent  upon  errors  of  refraction  or  insufficiencies  of  the 
ocular  muscles,  and  recognizes  with  myself,  that  it  may  exist 
quite  independently  of  errors  of  refraction,  but  he  does  not  lay 
stress  upon  the  point  which  I  make, — namely,  that  this  is  not 
true  asthenopia,  and  may  always  be  recognized  by  a  careful 
investigation,  when  it  will  be  found  to  be  either  neurotic,  toxic, 
the  fatigue  of  accommodation,  or  other  conditions  which  may 
affect  the  muscles  of  the  eye,  in  common  with  those  of  other 
parts  of  the  system. 

In  this  chapter,  I  discuss  asthenopia  from  the  standpoint  of 
Donders'  definition — true  asthenopia,  dependent  on  a  decided 
error  of  refraction.  Nowhere  in.  medicine  can  more  exact  re- 
sults be  obtained,  or  greater  benefit  secured  to  the  patient,  than 
in  this  important  class  of  cases,  which  Donders  first  elucidated. 
I  have  attempted  in  this  rather  prolix  argument,  to  separate 
those  worthy  of  the  continued  attention  of  the  oculist,  from 
those  that  belong  to  the  physician  or  the  neurologist. 

ASTHENOPIA    IN    DISEASED    EYES. 

It  is  often  forgotten  that  asthenopia  is  not  only  a  symptom 
of  an  uncorrected  error  of  refraction,  but  also,  at  times,  of  a 
diseased  condition  of  the  eyeball, — that  is  to  say,  asthenopia,  in 
its  broad  sense,  for  I  hold  that  it  is  usually  possible,  and  not 
difficult  even,  to  separate  the  asthenopia,  the  result  of  hyperopia 
and  hyperopic  astigmatism,  from  the  pain  of  choroidal  inflam- 
mation or  irritation,  or  the  fatigue  of  worn-out  accommodative 
power,  or  from  the  difficulty  in  keeping  the  muscular  balance 
in  such  a  disease  as  locomotor  ataxy.  In  diabetes  also,  one  of 
the  early  symptoms  (as  might  naturally  be  supposed,  for  this 
disease  is  apt  to  manifest  itself  in  the  eye),  we  may  have  in- 
ability to  use  the  eyes  in  the  early  stages — perhaps  to  be  con- 
tinued through  all  the  stages.  In  eyes  predisposed  to  glaucoma 
also,  and  beginning  to  have  glaucomatous  symptoms,  we  have 
inability  to  use  the  eyes.  Some  opacities  of  the  lens  or  of  the 
capsule,  are  a  prolific  source  of  asthenopia.  It  is  impossible  for 
such  patients  to  get  very  clear  images  on  the  retina,  and  the 
strain  to  do  so  produces  ocular  fatigue.  These  things  have 
been  very  much  overlooked  in  the  later  days,  and  efforts  have 
been  made  to  find  a  relief  for  all  kinds  of  asthenopia  by  glasses, 
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when,  as  a  matter  of  fact,  relief  can  only  be  obtained,  or,  at 
least,  anything  like  perfect  relief,  in  those  cases  where  asthe- 
nopia is  dependent  on  an  uncorrected  error  of  refraction.  Some- 
times there  is  a  combination  of  causes,  for  example,  a  young' 
person  with  considerable  astigmatism  may  first  find  it  produc- 
ing asthenopia  on  becoming  an  earnest  student  in  school,  which 
is  not  generally  before  the  age  of  twelve  to  fifteen,  or  in  the 
familiar  example  of  the  presbyope,  who  is  not  aware  of  his 
astigmatism,  until  the  failure  of  the  ciliary  muscle  compels  him 
to  seek  relief  for  his  accommodation.  There  is  a  great  deal  of 
accommodative  fatigue  among  all  classes  of  persons.  Children 
recovering  from  the  measles  or  other  infantile  diseases,  in  their 
convalescence,  are  very  apt  to  amuse  themselves  by  reading  or 
employing  their  accommodation  in  games  that  require  close  use 
of  their  eyes,  and  just  so,  adults  daring  convalescence,  and  as 
was  observed  by  Dr.  Gruening  in  a  discussion  before  the  Acad- 
emy of  Medicine  on  Dr.  Pooley's  paper,1  young  women  confined 
to  their  rooms  during  the  menstrual  period,  very  often  read  a 
great  deal,  and  fatigue  their  accommodation  inordinately,  at  a 
time  when  their  strength  is  below  the  average.  This  whole 
subject  of  accommodative  fatigue  in  all  classes  of  persons,  has 
been  very  much  overlooked,  as  I  repeatedly  intimate.  The 
observer  should  carefully  discriminate  between  a  person  not  able 
to  do  what  may  be  justly  required  of  eyes,  and  those  who  over- 
task their  eyes,  especially,  when  their  general  condition  does 
not  warrant  very  much  muscular  exercise  of  any  kind,  for  it  is 
never  to  be  forgotten  that  the  ciliary  muscle,  like  the  muscles 
of  the  heart,  is  always  unconsciously  at  work,  and  will  wear 
out  sooner  if  overtasked. 

My  attention  was  lately  called  at  my  clinic,  at  the  Man- 
hattan Eye  and  Ear  Hospital,  to  three  very  striking  cases,  oc- 
curring in  one  afternoon,  of  young  people  who  came  for  glasses, 
when  they  simply  needed  rest  for  their  eyes  from  an  undue 
use  of  the  ciliary  muscle.  One  of  them  was  a  young  girl  of 
twenty,  who  was  teaching  all  day.  live  days  in  the  week,  in  a 
public  school,  who  stated  that  she  read  a  great  deal  on  Satur- 
days and  Sundays,  and  that  in  the  evening  and  every  evening 
she  took  drawing  lessons  to  fit  herself  to  become  a  teacher  in 

1  Academy  of  Medicine,  Dec.  21st,  1893. 
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this  department.  She  had  no  refractive  error,  calling  for  any 
correction,  but  she  was  simply  overusing  her  eyes.  She  stated 
very  clearly  that  her  work  during  the  day  did  not  fatigue  her 
much,  but  the  work  of  the  evening  she  found  produced  itching 
of  the  lids,  redness  of  the  globe,  and  so  forth,  in  the  morning. 
The  two  other  cases  were  young  musical  students,  who  admitted 
that  they  took  no  exercise.  They  had  begun  very  earnestly 
this  autumn  in  their  studies,  which  interested  them  very  much. 
They  worked  day  and  night,  until  finally  they  complained  that 
their  eyes  were  blurring, — they  could  not  see  distinctly. 
These  patients  all  might  have  had  an  error  of  refraction  which 
would,  of  course,  have  aggravated  their  conditions.  Usually 
a  marked  error  of  refraction  is  known  at  an  early  period,  calls 
a  halt  in  the  case  of  those  affected  by  it,  and  prevents  them 
from  using  their  eyes ;  whereas  those  who  have  no  considerable 
error,  and  who  have  gone  through  all  their  ordinary  occupations 
until  reaching  early  womanhood  or  manhood,  without  over-using 
their  eyes,  are  apt,  if  engrossing  studies  engage  them,  to  over- 
strain their  accommodation.  Sometimes  such  straining  occurs 
also  in  older  persons,  and  if  attended  by  weeping,  and  irritation 
of  the  eyes  from  this  cause,  I  regard  it  as  a  serious  symptom, 
leading  us  to  look  out  for  glaucoma. 

In  the  early  discussion  of  asthenopia,1  the  fact  was  recog- 
nized by  Dr.  Derby  and  by  Dr.  Dyer,  that  there  were  two  kinds 
of  asthenopia, — one  which  does  not  seem  to  depend  on  the  re 
fraction  of  the  eye,  and  to  explain  which  Donders  gives  only 
unsatisfactory  hypotheses;  the  second,  that  which  is  clearly 
from  an  accommodative  fatigue,  induced  by  a  marked  error  of 
refraction — hypermetropia  or  hypermetropic  astigmatism.  To 
this,  at  that  time,  insufficiency  of  the  internal  recti  was  added 
as  a  cause.  Now,  this  form  of  asthenopia,  in  which  Dr.  Derby 
and  Dr.  Dyer  found  no  refractive  error,  and  in  which  there  is 
hot  usually  any  refractive  error  worthy  of  the  name,  is  the 
American  asthenopia,  if  I  may  so  speak,  for  which  so  much  has 
been  attempted  by  the  correction  of  latent  insufficiencies  of  the 
muscles,  or  by  the  use  of  glasses  for  errors  of  refraction,  so 
slight  that  they  do  not  detach  the  eyes  from  the  category  of 
normal  ones.     It  is  around  this  class  of  cases  that  so  much  ob- 


1  Transactions  of  the  American  Ophthalmological  Society,  vol.  i. 
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scurity  has  come,  in  consequence  of  the  assumption  that  if  the 
proper  glass  were  chosen,  or  the  proper  muscle  divided  a  suffi- 
cient number  of  times,  finally  the  asthenopia  would  be  cured. 
It  is  what  I  have  denominated  as  neurotic  asthenopia — seldom 
cured,  although  it  may  exist  temporarily  in  certain  cases  of  con- 
stitutional disease  and  then  be  recovered  from.  It  really  is  not 
entitled  to  a  place  in  the  category  of  ophthalmic  affections. 

When  the  general  existence  of  hypermetropia  was  demon- 
strated, it  seems  to  have  been  supposed  that  there  was  a  large 
proportion  of  the  human  race,  who  not  being  myopic,  or  hyper- 
metropic, were  what  Donders  defines'  to  be  as  emmetropic. 

EMMETROPIA. 

An  emmetropic  eye  is  that  in  which  when  the  eyes  are  in  a 
state  of  perfect  rest,  parallel  rays  are  exactly  focused  upon  the 
retina,  from  £fj.fisTpo$}  modum  tenens,  and  <»<P,  oculus.  It  is  "the 
standard  by  which  the  anomalies  of  refraction  must  be  esti- 
mated." In  the  famous  diagrams  of  the  three  kinds  of  eyes 
there  is  a  slight  exaggeration  in  the  forms,  that  is,  in  the  rela- 
tive lengths  of  the  three  varieties  in  the  refraction  of  the  human 
eye,  entirely  justified  for  the  purposes  of  teaching  these  funda- 


iii. 

Fig.  167.—  Sections  Showing:  I.  The  Normal  Eye:   n.  The  Myopic  One:  ni.  The  Hyperopic. 

(Donders.  ) 

mental  conditions,  but  which  must  be  mentally  modified  by  the 
practitioner  in  adjusting  glasses.  The  line  between  emmetropia 
and  hypermetropia.  is  not  so  well  defined  as  it  seems  on  looking 
at  these  figures.  The  investigations  of  the  last  twenty  years 
have  shown  that,  excluding  the  myopes,  the  vast  majority, 
perhaps  90  per  cent,  of  the  human  race  is  hyperopic.  One 
writer,  Van  Fleet.1  goes  so  far  as  to  describe  the  hyperopic  eye 

1  The  Post-Graduate,  vol.  vii.,  p.  228. 
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as  the  normal  one.  He  points  out  that  a  slight  variation  in 
length  of  the  eyeball  itself,  cannot  be  considered  an  error  of  re- 
fraction, but  that  this  is  to  be  found  in  variations  in  the  parts 
of  the  eye,  that  are  really  refractive  media,  as  the  cornea,  the 
lens,  and  the  vitreous  humor.  This  is  technically  true,  I  think, 
but  we  should,  after  all,  have  a  standard  eye,  a  diagrammatic 
eye,  while  we  keep  well  in  mind,  in  practical  deductions,  that 
this  is  an  ideal  eye,  as  easily  seen  as  is  an  ideal  or  standard 
human  form,  such  as  is  chiselled  by  sculptors. 

The  average  human  eye,  although  hypermetropic,  and  hav- 
ing a  low  degree  of  corneal  astigmatism,  as  we  shall  see,  will  do 
good  work,  without  convex  or  cylindrical  glasses,  until  presby- 
opia is  preached.  To  attempt,  as  some  authorities  advise,  to  re- 
duce every  eye  to  the  emmetropic  standard,  by  placing  glasses 
before  it,  is  not  a  reasonable,  nor  will  it  be  a  successful,  practice. 
It  has  led  and  will  continue  to  lead  to  erroneous  ideas  of  what 
may  be  expected  from  the  use  of  glasses.  The  use  of  spectacles  is 
a  great  boon  to  those  who  are  myopic,  presbyopic,  considerably 
hyperopic,  or  to  those  who  have  a  decided  degree  of  astigmatism, 
but  glasses  will  only  fret  and  annoy  those  who  do  not  actually  re- 
quire them.  The  burdens  of  myopia  and  presbyojria,  are  suffi- 
cient to  those  who  are  affected  with  them,  without  adding  them 
to  that  great  majority  who  do  not  require  glasses,  either  for 
close  work  or  for  seeing  at  a  distance.  Since  the  discoveries  of 
hypermetropia  and  corneal  astigmatism,  as  would  have  been  ex- 
pected by  the  philosophic  observer,  the  pendulum  has  swung  too 
far.  The  tendency  among  oculists,  and  even  among  the  edu- 
cated community  at  large,  has  become  in  certain  quarters  too 
much  inclined  to  ascribe  all  morbid  sensations  in  the  eyes,  and 
many  maladies  of  the  general  system,  as  due  to  uncorrected 
anomalies  in  the  eye,  and  to  prescribe  glasses  for  them.  It  is 
not  strange  that  this  is  so,  when  we  consider  the  marvellous 
effects  that  have  resulted  from  the  exact  rules  that  have  been 
deduced  from  the  discovery  of  the  true  nature  of  myopia  and 
presbyopia,  and  the  prevalence  of  hypermetropia  and  astigma- 
tism. Unnumbered  invalids  have  been  relieved  of  distressing 
symptoms  that  were  formerly  thought  to  be  incurable.  Thou- 
sands of  persons,  who  under  the  old  ideas  were  condemned  to 
disease  of  the  eyes  and   to  unintellectnal  pursuits,   are  now, 
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thanks  to  the  aid  of  appropriate  glasses,  ahle  to  enter  upon  the 
occupations  of  their  choice  and  to  practise  them  in  comfort. 
Scientific  medicine  has  nowhere  achieved  more  substantial 
triumphs,  than  in  the  field  of  the  adjustment  of  glasses  for  im- 
perfect vision.  This  is  the  result  of  the  labors  of  a  long  line  of 
workers,  beginning  with  Young  and  Wallace,  and  culminating 
with  Donders  and  Helmholtz.  Having  said  all  this,  I  would 
still  caution  my  readers  against  the  erroneous  belief  that  a  pan- 
acea for  human  ills  is  to  be  found  in  glasses,  however  accu- 
rately fitted. 

Hypermetropia  is  divided  into:  1.  Manifest;  2,  Facultative; 
3,  Latent;  4,  Absolute. 

MANIFEST  HYPERMETROPIA. 

Manifest  hypermetropia  is  that  form  in  which  the  vision  for 
the  distance  is  improved  by  convex  glasses. 

The  average  human  eye,  that  is,  the  eye  that  is  affected  with 
a  low  degree  of  hypermetropia,  say  of  one -half  to  one  diopter, 
is  not  improved  either  by  convex  or  concave  glasses.  Such  an 
eye  is  less  disturbed  by  a  weak  concave  than  a  convex  glass, 
but  it  prefers  no  glass  at  all.  A  simple  test  shows  this.  Let 
the  patient  be  seated  at  a  distance  twenty  feet  away  from  the 
test  cards,  and  having  determined  that  the  vision  is  not  quite 
or  nearly  normal,  if  with  convex  glasses  it  becomes  f-§- ,  we  may 
be  sure  that  we  have  a  case  of  manifest  hypermetropia.  Such 
persons  are  usually  asthenopic,  if  engaged  in  using  their  eyes  in 
close  work.  Perhaps  not  all  of  them ;  but  the  practitioner  may 
advise  the  use  of  convex  glasses  for  close  work  with  great  con- 
fidence of  success  in  relieving  asthenopic  cases,  if  on  trial  the 
conditions  above  described  are  found.  It  was  this  class,  to  which 
the  discovery  of  the  nature  of  hypermetropia  became  such  a  boon. 

FACULTATIVE   HYPERMETROPIA. 

Those  who  see  equally  well  at  a  distance,  either  with  or  with- 
out convex  glasses,  may  be  said  to  be  affected  with  facultative 
hypermetropia.  This  also  constitutes  a  class  separately  less  in 
number  than  those  affected  with  manifest  hypermetropia.  They 
do  not  suffer  from  asthenopia  in  any  such  proportion  as  those 

having  manifest  hvpermetropia.     Thev  may  go  on  to  the  forti- 
30 
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eth  or  even  a  later  year  of  life  without  needing  the  aid  of 
glasses.  But  they  too,  when  affected  with  asthenopia,  will 
usually  be  relieved. 

LATENT    HYPERMETROPIA. 

This  condition  may  be  absolutery  diagnosticated  by  the  use 
of  a  mydriatic  strong  enough  to  paralyze  the  ciliary  muscle. 
Many  authorities  prefer  homatropine  and  use  the  drug  on  the  eye 
every  ten  or  fifteen  minutes  until  complete  paralysis  is  secured. 
This  ma}r  be  known  by  testing  the  patient  with  strong  convex 
glasses,  say  of  six  or  seven  diopters.  When  the  patient,  after 
instillations  of  homatropine,  is  only  able  to  read  very  fine  type 
(No.  1  Jaeger)  at  the  focal  distance  of  the  lens,  there  being  no 
range  of  accommodation,  we  may  know  that  complete  paralysis 
is  secured.  I  very  seldom  use  a  mydriatic  to  estimate  the  re- 
fraction, for  reasons  that  will  be  fully  given  in  the  chapter  upon 
astigmatism.  In  the  rare  cases  in  which  I  now  use  such  an 
agent  for  paralyzing  the  accommodation,  I  prefer  the  sulphate 
of  atropia,  in  a  solution  of  four  grains  to  the  ounce  of  water. 
Such  a  solution  will  perfectly  paralyze  the  accommodation  in 
about  forty-eight  hours,  if  a  drop  be  used  three  times  a  day. 
In  my  hands  it  is  more  certain  than  homatropine,  although  its 
use  is  much  more  troublesome  because  the  full  effect  does  not 
wear  off  for  a  week  at  least,  sometimes  not  for  ten  or  twelve 
days.  A  large  experience  with  measurement  of  the  refraction 
has  convinced  me  that  those  who  do  not  use  the  ophthalmometer 
may  be  certain  to  accomplish  the  desired  effect  with  sulphate  of 
atropia  thoroughly  used. 

The  use  of  atropia  for  testing  the  refraction  has  the  disad- 
vantage that  it  stops  the  action  of  the  ciliary  muscle,  so  that 
the  corneal  astigmatism  may  be  overestimated.  For  example, 
if  there  be  a  corneal  astigmatism  of  half  a  diopter,  it  is  in  an 
ordinary  eye,  not  under  the  influence  of  atropine,  neutralized 
by  the  action  of  the  lens ;  but  paralyze  the  ciliary  muscle,  and 
this  neutralization  does  not  occur — hence  the  patient  will  choose 
a  cylindric  glass  under  the  examination  made  with  a  mydriatic, 
when,  without  one,  he  will  not,  and,  as  we  shall  see,  it  is  better 
not  to  attempt  to  neutralize  a  corneal  astigmatism  of  one-half  a 
diopter. 
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PRECAUTIONS  IN    USING   ATROPIA. 

There  are  certain  precautions  to  be  observed  when  atropia 
is  to  be  used  for  the  purpose  of  paralyzing  the  accommodation. 

1 .  The  patient  should  be  warned  that  the  sight  will  be  very 
much  blurred  for  all  distances,  and  that  close  work  will  be  im- 
possible when  the  drug  begins  to  have  an  effect. 

2.  The  atropia  should  be  used  in  the  outer  part  of  the  con- 
junctival sac,  so  that  it  may  not  pass  into  the  punctum,  and 
thus  enter  the^nasal  duct.  In  cases  where  this  occurs,  trouble- 
some and,  in  extremely  rare  cases,  alarming  symptoms  may 
occur  from  the  constitutional  effects  of  atropia. 

3.  The  symptoms  of  belladonna  poisoning  are  less  likely  to 
occur,  if  the  mydriatic  be  instilled  just  after  a  meal. 

4.  In  very  bright  weather,  the  patient's  eyes  should  be  pro- 
tected while  he  is  in  the  open  air  or  a  light  room,  by  colored 
glasses.  For  a  number  of  years,  in  all  cases  in  which  spasm  of 
the  accommodation  was  believed  to  exist,  I  employed  atropia  to 
determine  the  exact  refraction.  Although  it  is  a  very  trouble- 
some method  both  to  the  patient  and  to  the  surgeon,  it  is  al- 
ways to  be  relied  upon. 

After  a  thorough  paralysis  of  the  accommodation,  with  a 
little  patience,  even  the  beginner  may  be  sure  of  determining 
the  exact  condition  of  the  refraction.  The  rules  for  prescribing 
glasses  in  hypermetropia  after  this  has  been  settled  will  be  here- 
after laid  down. 

Those  who  are  skilful  by  long  practice  with  the  ophthalmo- 
scope, may  generally  settle  upon  the  refraction  with  sufficient 
accuracy  and  learn  the  degree  of  latent  hypermetropia  without 
the  use  of  a  mydriatic.  But  even  the  most  practised  observers 
sometimes  make  serious  mistakes  in  their  estimations  of  the 
degree  of  the  hypermetropia,  on  account  of  the  inability  to  relax 
their  accommodation  and  to  cause  the  patient  to  do  the  same. 
For  the  determination  of  astigmatism,  I  consider  the  ophthal- 
moscope entirely  unreliable,  and  I  do  not  advise  its  use  for  that 
purpose,  although  in  cases  of  a  high  degree  it  is  easy  for  an 
observer  with  any  practice  to  determine  that  astigmatism 
exists. 
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By  axial  refraction,  the  length  of  the  eyeball  from  the  cornea 
to  the  retina  is  meant. 

Spasm  of  the  accommodation  is  a  very  rare  affection.  When 
it  does  occur,  it  is  almost  always  easily  determined.  Such  pa- 
tients, when  examined  with  the  ophthalmoscope,  are  evidently 
hyperopic,  although  they  accept  concave  glasses,  and  secure  ex- 
cellent vision  with  those  of  very  low  power.  This  subject  will 
be  more  fully  discussed  a  few  pages  further  on. 

After  having  determined  the  total  refraction  of  the  eye,  in  a 
state  of  rest,  we  have  a  standard  by  which  we  may  decide  what 
glasses  are  to  be  prescribed.  It  should  first  be  stated,  and  I 
place  great  emphasis  upon  this  statement,  because  the  practice 
among  many  authorities  has  been  quite  different,  that  glasses 
are  not  to  be  prescribed  which  the  patient  is  to  wear  constantly, 
unless  the  vision  is  markedly  improved  by  them,  or  they  are  to 
be  worn  to  relieve  spasm  of  accommodation.  For  example,  if 
a  patient  has  vision  f-jj-  or  even  fully  -§-§-  but  no  more,  the  incon- 
venience of  constantly  wearing  glasses  will  not  at  all  compen- 
sate for  the  trouble  and  worry  caused  by  them.  The  standard 
f$,  as  we  have  seen,  is  only  approximate.  Many  young  subjects, 
and  some  middle-aged  ones,  have  |~|,  others  again  have  only  f-jj-, 
and  yet  no  anatomical  lesion  can  be  found,  while  the  difference 
in  ordinary  vision  as  to  human  faces,  signs  on  the  street,  and  so 
forth,  is  of  no  accoimt.  But  convex  glasses  are  very  often  pre- 
scribed for  persons  suffering  from  true  or  false  asthenopia,  with 
a  view  of  lessening  the  fatigue  in  using  the  eyes  upon  distant  ob- 
jects, or  with  a  view  of  relieving  certain  symptoms  of  nervous 
disease.  That  glasses  ever  do  this  for  persons  having  normal 
vision,  except  in  entirely  exceptional  cases,  I  deny.  There  are 
certain  young,  neurotic  individuals  who  having  been  informed 
that  they  must  wear  glasses  all  the  time,  in  order  to  get  well, 
do  wear  them  in  this  manner,  although  they  have  perfect  vision 
without  them  I  admit,  but  in  this  case  I  must  regard  the  relief  as 
a  matter  of  cure  by  suggestion.  Over  and  over  again,  I  have  had 
the  satisfaction  of  telling  patients,  for  whom  their  constant  use 
had  been  prescribed,  that  they  might  dispense  with  them,  except 
when  at  close  work.  They  have  been,  almost  without  excep- 
tion, very  grateful  for  what  was  relief  from  a  mild  form  of 
bondage.     It  is  only  in  a  high  degree  of  hyperopia,  that  is,  one 


ACQUIRED    HYPERMETROPIA.  4G9 

of  from  two  diopters  upward,  that  the  vision  even  in  middle-aged 
subjects,  never  in  young  persons,  is  impaired  for  the  distance 
from  this  cause,  and  it  is  only  for  them,  which  generally  include 
the  rare  cases  of  spasm  of  accommodation,  that  glasses  both  for 
a  distance  and  near  are  to  be  prescribed  in  hypermetropia.  In 
the  low  degrees  of  hypermetropia  there  is  no  abnormal  tension 
upon  the  ciliary  muscle,  except  in  vision  for  near  objects. 

But  having  determined  the  axial  refraction  and  the  astigma- 
tism, as  may  be  done  by  the  use  of  atropia  and  retinoscopy,  we 
may  prescribe  according  to  rules,  which  experience  has  deduced. 

1.  In  young  persons  we  should  generally  leave,  at  least,  one 
diopter,  perhaps  two,  or  even  three  diopters  in  some  cases  of 
the  total  hypermetropia  uncorrected. 

If  the  patient  prove  to  have,  for  example,  three  diopters  of 
hypermetropia,  a  glass  of  two  diopters  will  be  just  strong 
enough,  possibly  one  of  one  and  a  half  diopters. 

2.  In  a  middle-aged  or  elderly  person,  that  is,  one  of  forty 
years  or  upward,  the  total  hypermetropia  may  usually  be  cor- 
rected, with  an  added  glass  for  the  presbyopia,  according  to  its 
state  of  advance. 

3.  It  is  not  necessary  to  paralyze  the  accommodation  in  order 
to  measure  the  refraction  of  persons  over  forty  years  of  age. 
Their  refraction  can  be  accurately  measured  with  test  glasses, 
after  that  time  of  life,  without  the  use  of  any  mydriatic  what- 
ever. 

In  order  to  avoid  confusion  in  the  mind  of  the  reader,  I  have, 
as  yet,  said  nothing  on  less  important  forms  of  hypermetropia. 

I.— ACQUIRED    HYPERMETROPIA. 

This  exists  in  a  high  degree  in  eyes  from  which  the  lens  has 
been  removed,  aphakia,  except  in  cases  of  high  degree  myopia, 
when  even  the  removal  of  the  lens  is  not  sufficient  to  convert 
the  eye  into  a  hypermetropic  one. 

There  is  also,  in  the  opinion  of  Donders,  a  diminution  of  re- 
fraction in  advanced  life,  say  beginning  at  sixty  years,  quite 
apart  from  true  presbyopia.  This  change  should  be  carefully 
excluded  from  a  low  degree  of  hypermetropia  which  has  been 
overlooked  in  middle  age.  When  this  is  carefully  done,  I  think 
there  will  be  very  few  cases  left  of  hypermetropia  acquis  it  a. 
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When  it  does  occur,  Donders  believes  it  is  due  to  changes  in  the 
lens,  which  have  lessened  its  refractive  power;  a  swelling  in 
the  lens  which  has  increased  its  refractive  power  is  not 
entirely  uncommon.  This  constitutes  what  is  often  called  sec- 
ond sight,  occurring  in  old  persons.  By  it,  the  failure  of  accom- 
modation is  atoned  for  and  the  fortunate  subject  is  able  to  read 
fine  type  without  glasses.  Donders  explains  diminished  refrac- 
tion occurring  in  old  age,  by  the  fact  that  the  several  layers  of 
the  lens  become  uniformly  more  firm,  and  he  quotes  Thomas 
Young  '  to  show  that  on  account  of  the  layered  structure  of  the 
lens,  which  causes  the  refractive  power  to  diminish  toward  the 
periphery,  it  has  a  shorter  focal  distance  than  a  lens  of  similar 
form  and  wholly  composed  of  a  substance  like  that  of  the  nu- 
cleus of  the  lens,  would  have.  He  goes  on  to  say,  that  if  the 
outer  layers  of  the  lens  become  more  solid  with  advancing  years, 
the  focal  distance  of  the  lens  increases.  Further  investigations 
upon  this  subject  would  be  of  service. 

II.— ABSOLUTE    HYPERMETROPIA. 

By  absolute  hypermetropia  is  meant  such  a  low  degree  of  re- 
fraction of  the  eye,  that  neither  distant  nor  near  objects  are  ever 
seen  without  the  aid  of  convex  glasses.  Such  eyes  generally 
give  evidence  in  their  external  appearance  that  they  are  actually 
shorter  than  the  normal  eyes.  These  cases  should  be  classed 
as  abnormal  eyes,  but  this  is  not  true  of  low  degrees  of  hyper- 
metropia. Such  eyes,  as  Donders2  says,  have  a  peculiar  phy- 
siognomy, caused  by  the  flat  sclerotic,  the  shallow  position 
of  the  iris,  the  relatively  small  pupils,  and  the  appearance  of 
divergent  strabismus.  The  facial  appearance  is  also  modified 
by  the  shallow  orbits,  and  the  flatness  of  their  edges,  and  the 
want  of  roundness  of  the  cheeks.  This  characteristic  appear- 
ance is,  however,  often  wholly  wanting,  even  in  a  considerable 
degree  of  hypermetropia.  So  that  while  we  may  assume  that 
it  exists  with  the  presence  of  such  conditions,  it  may  be  found 
with  no  marked  facial  appearances.  It  is  to  be  remembered  that 
the  larger  part  of  the  world  is  born  hypermetropic,  as  Ely's3  sta- 

'  Loc.  eit.,  p.  206.  2  Archives  of  Ophthalmology,  vol.  ix.,  No.  1,  p.  20. 

3  Archives  of  Ophthalmology,  vol.  ix.,  No.  1,  p.  29. 


ABSOLUTE   HYPERMETKOPIA.  471 

tistics  of  the  eyes  of  the  newly  born  first  plainly  indicated. 
Von  Jaeger  fell  into  the  unaccountable  error  from  his  in- 
vestigations, of  teaching  that  myopia  was  the  more  frequent 
condition  in  infancy.  It  is  only  when  hypermetropia  becomes 
of  a  considerable  degree,  say  more  than  one  diopter,  that  it  can 
be  fairly  classed  with  abnormal  conditions.  But,  as  Donders 
pointed  out,  even  a  low  degree  of  hypermetropia  as  the  individ- 
ual approaches  the  time  for  the  appearance  of  presbyopia,  re- 
quires correction  for  reading  and  similar  purposes.  This  and 
the  occurrence  of  one  diopter  of  corneal  astigmatism,  with  the 
rule,  or  of  less  than  that  even,  against  the  rule,  is  the  explana- 
tion of  the  fact  that  many  people  require  reading-glasses  before 
they  are  forty.  If  they  escape  until  then  and  have  a  considera- 
ble degree  of  hypermetropia,  the  glass  to  correct  this,  must  be 
added  to  the  one  needed  by  a  person  with  a  low  degree  of  hyper- 
metropia, who  has  come  to  be  presbyopic.  For  example,  the 
glass  usually  required  for  a  person  between  forty  and  forty-five 
years  of  age,  who  is  not  myopic,  and  who  has  less  than  a  diopter 
of  hypermetropia  and  no  astigmatism,  or  less  than  three- 
quarters  of  a  diopter,  is  0.50  D.,  while  a  person  with  a  diopter 
of  hypermetropia  will  need  0.75  or  1  D.  for  the  first  glasses. 
As  will  be  seen  in  the  discussion  of  astigmatism,  the  correction 
of  this  is  especially  important  when  presbyopia  presents  itself. 

Heredity  plays  an  important  part,  as  it  does  in  all  the  con- 
formation of  the  human  body,  in  the  existence  of  hypermetropia 
of  a  high  degree.  Absolute  hypermetropia  and  manifest  hyper- 
metropia exist  in  certain  families,  just  as  do  myopia  and  as- 
tigmatism, and  anisometropia — difference  of  refraction  in  the 
two  eyes.  There  are  hypermetropic  and  myopic  and  astigmatic 
families.  All  cases  of  manifest  hypermetropia,  are  better  off 
for  wearing  glasses  for  near  and  some  also  for  distant  vision, 
but  the  latter  should  not  be  insisted  upon,  unless  the  vision  is 
absolutely  bad  without  glasses.  If,  for  example,  a  patient  has 
a  manifest  hypermetropia  of  even  two  diopters,  and  yet  has  §-£ 
vision,  or  in  some  cases  only  f£,  and  is  content  with  this  vision, 
disliking  to  wear  glasses  constantly,  we  may  omit  them.  I 
have  satisfied  myself,  after  long  experience,  that  the  advantage 
gained  by  converting  such  an  eye  into  the  standard  or  emme- 
tropic, is  often  purely  imaginary,  and  gives  patients  much  dis- 
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comfort.  But  for  reading  and  all  work  upon  near  objects, 
patients  should  wear  glasses.  Then  again  children  and  young 
persons  with  low  degrees  of  lrypermetropia,  or  of  astigmatism, 
may  often  be  made  much  more  comfortable  by  being  freed  from 
various  forms  of  asthenopia  in  wearing  glasses  during  their 
school  life,  who  afterward,  when  their  growth  is  finished,  discard 
hem  until  the  appearance  of  presbyopia.  The  practitioner 
should,  however,  not  lightly  prescribe  glasses  in  low  degrees  of 
hypermetropia,  or  in  corneal  astigmatism  of  less  than  three- 
quarters  of  a  diopter,  but  carefully  examine  into  the  general 
health  and  habits,  the  existence  of  anaemia,  malaria,  and  so 
forth,  before  he  condemns  the  patients  to  the  bondage  of  glasses. 
To  Professor  Hansen-Grut,  of  Copenhagen,  the  credit  should 
be  given  of  having  been  the  first  to  forcibly  bring  to  the  attention 
of  the  profession,  that  even  proper  and  full  correction  of  hyper- 
metropia of  a  considerable  degree  will  not  always  relieve  the 
asthenopia,  for  which  Donders  believed  he  had  found  a  complete 
remedy  in  convex  glasses.  But  the  claims  of  Donders  were  cer- 
tainly in  the  general  view  entirely  correct,  if  we  keep  his  defini- 
tion of  asthenopia  well  in  mind,  when  wishing  to  know  what  we 
may  expect  from  glasses.  Disciples  often  go  far  beyond  the  mas- 
ter in  their  teachings.  This  has  been  notably  the  case  in  the  treat- 
ment of  asthenopia.  If  every  beginner  in  the  practice  of  oph- 
thalmology, would  make  Donders'1  text-book  his  standard  on  the 
subject  of  errors  of  refraction  and  accommodation,  many  mis- 
takes would  be  avoided.  No  book  written  since  the  publication 
of  his  treatise,  will  enable  the  special  student  and  practitioner  to 
dispense  with  it. 

SPASM    OF  ACCOMMODATION. 

Sptasm  of  accommodation  is  excessive  tension  of  the  ciliary 
muscle.  This  converts  a  loiv  degree  of  hypermetropia,  or  even 
a  high  one,  into  emmetropia  or  even  into  myopia. 

As  has  been  said,  it  is  a  rare  affection  and  occurs  almost  ex- 
clusively in  young  persons,  especially  in  those  in  school  or  col- 
lege. Such  patients  suffer  not  only  from  asthenopia,  but  also  from 
inability  to  see  at  a  distance,  and  are  relieved  momentarily  and 
even  for  hours  and  days,  by  wearing  concave  glasses,  when  their 
eyes  are  actually  hypermetropic,  or  they  have  hypermetropic  as- 
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tigmatism.  It  is  of  itself  a  suspicious  circumstance  when  a  young 
person  on  being  placed  before  the  test  types,  and  being  found  to 
have  a  visual  power  of  say  only  f  j}  or  -£{}-,  immediately  has  f-j}  or  -f- f 
with  a  weak  concave  glass.  Especially  is  this  true  if  the  astheno- 
pia and  defective  vision  have  come  on  suddenly.  An  examination 
as  to  the  refraction  with  the  ophthalmoscope  will  soon  establish 
the  real  state  of  the  case.  Any  considerable  degree  of  hyper- 
metropia  is,  of  course,  utterly  inconsistent  with  such  a  state  of 
things.  But  it  should  be  borne  in  mind  that  there  are  some  cases 
of  actual  as  well  as  artificial  myopia,  as  that  dependent  upon 
spasm  of  the  ciliary  muscle  is  called,  that  come  on  with  a  bound 
as  it  were.  In  myopic  families,  I  have  often  seen  a  child  who 
was  hypermetropic  up  to  even  six  or  seven  years  of  age,  suddenly 
develop  amblyopia,  which  even  the  most  thorough  use  of  atropia 
did  not  overcome,  but  which  was  corrected  by  weak  concave 
glasses.  In  these  cases  this  is  the  beginning  of  an  acquired 
myopia.  No  child  of  myopic  parents,  or  even  when  one  parent 
is  myopic,  may  be  said  to  be  free  from  the  dangers  of  myopia 
until  puberty  has  been  reached  without  it.  Then  again,  even 
practised  observers  with  the  ophthalmoscope,  often  make  out  a 
low  degree  of  hypermetropia  to  exist,  or  emmetropia,  when  the 
use  of  atropia  shows  that  the  refraction  with  complete  paralysis 
of  accommodation  is  actually  myopic.  The  observer  should  there- 
fore be  guarded  in  statement,  after  one  examination  of  a  case 
of  apparent  spasm  of  accommodation  and  artificial  myopia.  The 
use  of  a  mydriatic  may  show  it  to  be  one  of  actual  myopia.  If, 
however,  the  ophthalmoscope  shows  a  high  degree  of  hyperme- 
tropia, or  the  ophthalmometer  more  than  one  diopter  of  corneal 
astigmatism,  the  observer  may  be  nearly  certain  that  he  has  a 
true  case  of  spasm  of  accommodation.  Spasm  of  the  ciliary 
muscle  only  occurs,  however,  in  persons  of  less  than  forty  years 
of  age,  and  rarely  except  in  persons  between  the  ages  of  eight 
and  twenty-five.  It  is  entirely  wrong  to  use  a  mydriatic  for 
the  prescription  of  glasses  in  any  person  over  forty  years  of  age. 
It  is  very  rarely  necessary  in  any  case,  if  the  existence  or  non- 
existence of  corneal  astigmatism  be  made  out  with  the  ophthal- 
mometer. If  spasm  of  accommodation  be  found  to  exist,  in  order 
to  overcome  it  it  will  be  necessary  to  use  the  sulphate  of  atropia 
yi  a  solution  of  the  strength  of  four  grains  to  the  ounce,  three 
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times  a  day  for  several  days  and  in  entirely  exceptional  cases 
for  weeks.  The  proper  convex  glasses  should  then  be  ad- 
justed, and  the  patient,  who  will  find  great  relief  from  them, 
advised  to  wear  them  constantly.  If  the  spasm  disappear,  and 
vision  become  ff-  without  them,  the  general  rule  should  be  fol- 
lowed, and  they  be  worn  only  for  close  work. 

Spasm  of  accommodation  may  be  studied  by  the  use  of  the 
calabar  bean,  as  it  was  when  this  myotic  was  discovered 
(Argyll  Robertson).  It  is  then  accompanied  or  moderated  by  a 
feeling  of  tension  in  the  eye,  amounting  to  pain.  There  is  a 
natural  tone  or  tonicity  in  the  action  of  the  ciliary  muscle,  as 
well  as  that  of  the  other  muscles  of  the  eye,  which  should  not 
be  mistaken  for  spasm.  The  letting  up  of  the  tonic  contraction 
by  the  use  of  atropia  and  consequent  paralysis  of  the  accommo- 
dation, will  reveal  a  low  degree  in  all  eyes  not  myopic  of  what 
may  be  called,  strictly  speaking,  latent  hypermetropia,  if  we 
have  too  high  a  standard  for  a  normal  eye,  say,  0.25  to  0.50  D. 
This,  however,  should  not  be  considered  as  any  indication  for 
prescribing  glasses,  nor  as  any  evidence  of  spasm  of  accommo- 
dation. Nature  allows  considerable  latitude  in  the  workings 
of  the  different  parts  of  the  human  organism.  The  practi- 
tioner will  be  wise  if  in  this  and  in  other  respects  he  follows  her 
guidance.  As  has  been  intimated,  the  hypermetropic  eyes  of 
infants  develop  in  a  large  proportion  of  cases.  In  some  myopia 
occurs.  In  others  the  degree  of  hypermetropia  is  lessened. 
There  is.  however,  no  eye  that  may  not  be  lengthened  in  its  axis 
as  life  goes  on.  There  is,  in  other  words,  no  eye  that  is  born 
exactly  emmetropic,  and  which  remains  liable  to  no  changes. 

The  eye  born  myopic,  or  which  becomes  so  in  early  life,  is 
the  one  more  likely  to  increase  its  axial  refraction.  The  cornea 
may  also  undergo  changes  that  increase  its  astigmatism.  Coni- 
cal cornea  is  an  exaggerated  condition  of  this  kind. 
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Myopia  (p-uw,  to  blink)  is  that  state  of  refraction,  in  which 
parallel  rays  come  to  a  focus  in  front  of  the  retina.  The  n^opic 
eye  is  adapted  for  divergent  rays,  those  that  come  from  near 
objects,  and  which  may  be  produced  by  dispersing  concave 
lenses.  The  anatomical  cause  for  this  defect,  is  usually  an  elon- 
gated axis  of  the  eyeball,  from  before  backward.  This  is  the 
standard  form  of  myopia.  Myopia  may  also  depend  upon  too 
great  a  curvature  of  the  cornea.  This  is  generally  the  result  of 
disease,  although  it  may  be  congenital.  It  is  also  caused  by 
swelling  of  the  lens.  This  latter  form  of  what  may  be  called 
artificial  myopia,  as  we  have  seen,  occurs  chiefly  in  old  age,  and 
is  popularly  known  in  its  results,  the  patient  being  often  able  to 
read  and  sew,  and  so  forth,  without  glasses,  as  second  sight. 
Spasm  of  accommodation  also  produces  artificial  myopia.  Our 
present  discussion,  however,  chiefly  concerns  that  which  is  de- 
pendent upon  axial  elongation  of  the  eye.  Its  careful  study  is 
of  great  importance  to  the  practitioner,  for  it  is  an  anomaly  of 
refraction  that  causes  such  inconvenience,  and  which,  in  many 
instances,  leads  through  various  morbid  conditions,  to  great  im- 
pairment, or  even  total  loss  of  sight.  A  considerable  percentage 
of  civilized  communities  is  affected  with  this  condition.  In 
some  countries  it  has  been  denominated  an  actual  scourge. 
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The  investigations  and  study  of  our  time,  have  led  to  pre- 
vention and  curative  resources,  which  it  is  to  be  hoped  will 
diminish  its  frequency  and  lower  the  average  degree  to  which  it 
would  advance  were  it  not  for  the  law  that  the  tendency  in 
nature  is  to  return  to  the  original  type.  Germany,  at  least, 
might  fear  that  in  the  progress  of  the  centuries,  a  large  propor- 
tion of  her  people  would  become  disabled  by  myopia.  She  holds 
the  front  rank  among  the  nations  as  a  myopic  race. 

Myopia  is  popularly  known  as  short-sightedness,  the  name 
being  taken  from  the  inability  of  those  afflicted  with  myopia  to 
see,  except  at  short  range.  It  is  a  name  better  adapted  to  the 
actual  condition  than  the  scientific  one.  Scientific  endeavor  has 
been  used  to  give  to  myopia  a  name  in  accord  with  its  anatomi- 
cal origin.  The  present  name  is  taken  from  a  symptom  that  is 
seen  among  those  who  are  myopic,  especially  those  who  have 
myopia  of  a  high  degree.  As  is  well  known,  myopes  contract 
their  eyelids,  blink,  in  order  that  they  may  diminish  the  num- 
ber of  rays  entering  the  pupil,  and  thus  make  their  sight  better. 

Hypometropia  (y-»,  under  the  mean  or  measure)  and  brachy- 
metropia  (brachus,  fierpov^  are  terms  (Donders)  that  have  been 
proposed  as  substitutes  for  myopia,  but  the  latter  name  is  so 
thoroughly  well  grounded  in  our  nomenclature,  that  it  is  too 
late,  or  too  early,  to  make  a  change. 

In  the  same  sense  that  absolute  and  high  degrees  of  hyper- 
metropia,  may  be  said  to  be  a  disease  of  the  eye,  so  is  myopia, 
when  it  reaches  a  high  degree.  Since,  however,  myopia  is  very 
apt  to  advance,  especially  in  the  early  years  of  life,  and  as 
it  may  occur  at  any  period,  it  is  a  condition  involving  more 
danger  to  the  sight  than  hypermetropia.  It  has  been  claimed 
that  myopia  may  be  divided  into  the  progressive  and  non- 
progressive. In  a  sense  this  may  be  true,  but  if  it  is  meant  by 
this  that  an  examination  of  a  given  case  of  myopia,  by  an 
expert,  can  determine  anything  more  than  the  probabilities  as 
to  the  progressiveness  of  the  myopia,  I  am,  from  my  experience, 
adverse  to  this  view.  A  careful  study  of  the  heredity  of  the 
patient,  with  the  occupations  and  habits,  general  health,  sur- 
roundings, together  with  the  condition  of  the  vitreous  humor, 
the  optic  nerve  and  retina,  may,  it  is  true,  help  us  to  form  a 
prognosis  in  given  cases,  but  there  are  exceptions  which  put  all 
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rules  at  defiance,  so  that  we  cannot  always  positively  say  to 
which  class  a  case  of  myopia  belongs,  although  there  is  a  pro- 
gressive and  non- progressive  variety. 

( hie  of  my  patients  who  was  formerly  a  cadet  at  West  Point 
Military  Academy,  hut  who  was  obliged  to  leave  there  on  account  of 
advancing  myopia  in  one  eye,  appeared  first  at  sixteen  years  of  age, 
When  be  bad  hyperopic  astigmatism  in  one  eye  and  myopic  in  the 
other,  but  he  soon  bad  myopia  combined  with  bis  corneal  astigmatism, 
and  was  obliged  to  wear  concave  cylinders  in  consequence  of  the  in- 
crease of  the  myopia.  His  experience — he  is  now  a  medical  student — 
was  very  interesting,  as  related  to  me,  he  being  a  very  intelligent 
young  fellow.  He  said  that  he  was  obliged  to  wear  his  correcting 
glasses  all  the  time,  but  when  a  morning  occurred  in  which  four  hours 
of  consecutive  lectures  were  given,  he  began  to  have  a  blur  before 
his  eyes,  and,  to  use  bis  own  language,  "a  regular  aura,"  which  pre- 
ceded a  headache,  and,  what  is  rather  more  extraordinary,  salivation 
about  a  half  an  hour  before  the  headache  came  on.  The  relation  be- 
tween migraine  and  myopia  is  always  of  interest.  It  must  have  its  or- 
igin in  the  taxing  of  the  ciliary  muscle.  I  advised  this  young  man  not 
to  stay  many  consecutive  hours  in  the  foul  air  of  the  lecture-room, 
which  had  been  used  continuously  by  a  number  of  students  for  four 
hours,  to  get  more  fresh  air,  and  so  forth.  General  hygiene  comes 
in  as  of  the  greatest  importance  in  the  management  of  such  cases. 
He  is  a  spare,  thin,  neurotic  young  man.  His  father  was  in  full 
middle  age  when  the  son  was  born,  and  is  now  a  vigorous  medical 
officer  of  the  army. 

Myopia  is  congenital  to  some  degree,  but  not  to  such  an 
extent  as  was  at  one  time  supposed.     It  more  frequently  de- 


Fig.  109.— To  Show  Effect  of  a  Concave  Lens  to  Cause  Parallel  Rays  to  Unite  on  the  Retina. 

velops  in  the  early  years  of  life.  I  have  many  times  observed 
the  transition  from  hypermetropia  to  myopia  in  children,  and 
this  in  those  who  were  under  good  hygiene.  This  is  usually  in 
myopic  families ;  at  least,  the  father  or  mother  or  aunt  or  uncle 
were  usually  myopic. 
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Vast  numbers  of  statistics  have  been  collected  as  to  the  ex- 
istence of  myopia  in  schools  (Cohn,  R.  H.  Derby,  Callan,  and 
others).  It  has  been  conclusively  shown  that  its  appearance 
and  increase  in  degree  is  a  part  of  school  life,  in  those  who  have 
a  hereditary  tendency  to  a  myopic  structure  of  the  eye,  what  the 
Germans  call  a  myopic  ban. 

Myopia,  and  often  of  a  high  degree,  may  also  be  found  among 
people  who  are  not  engaged  in  intellectual  nor  exacting  occupa- 
tions, such  as  reading,  fine  sewing,  or  the  like,  nor  in  whose  ances- 
tors is  there  any  likelihood  that  eyes  have  been  used  in  this  way. 
Dr.  Kollock,  of  Charleston,  in  this  country,  found  scarcely  any 
myopia  among  the  pure  colored  race  (negroes)  of  the  sea- 
islands  near  that  city.  Myopia  is  said  to  be  rare  among  the 
native  American  Indians.  All  evidence  indicates  that  it  is 
usually  a  condition  of  civilized  races,  and  that  it  is  especially 
frequent  among  people  devoted  to  books  and  writing,  to  close 
observation  upon  near  objects.  It  may  be  said  to  be  an  aristo- 
cratic disease,  in  that  it  is  proportionately  frequent  among  cul- 
tured communities,  with  such  exceptions  as  have  been  noted. 
It  cannot  be  denied,  however,  that  the  general  nourishment 
and  development  of  the  body  involve  the  tissues  of  the  eyeball, 
and  that  much  of  axial  elongation  is  correctly  to  be  ascribed  to 
bad  hygiene.  One  of  the  cities  of  this  country,  which  has  a 
large  proportion  of  highly  educated  people,  has  a  Myopia  Club. 
Yet  in  England,  where  intellectual  culture  and  life  in  the  open 
air,  go  hand  in  hand,  myopia  is  less  frequent  among  the  higher 
classes,  than  it  appears  to  be  in  countries  where  less  time  is  given 
to  shooting,  fishing,  boating,  cricket,  and  so  forth.  Statistics 
on  this  general  subject  of  the  relative  frequency  of  myopia  in 
civilized  and  uncivilized  communities,  and  then  as  to  the  kind 
of  occupation  that  may  be  said  to  favor  its  production  and 
increase,  except  among  school  children,  are  still  wanting. 

Diagnosis. — The  diagnosis  of  myopia  may  be  made  in  a 
rude  and  not  always  accurate  way,  by  the  following  test.  The 
patient  is  first  tested  as  to  his  ability  to  see  at  a  distance.  This 
may  be  done  with  test  types,  or  if  they  are  not  at  hand,  with 
the  heading  of  such  a  newspaper  as  the  New  York  Herald.  If 
this  heading  cannot  be  read  at  twenty  feet,  test  for  the  near 
vision  may    be  applied.     If  there  be  no  serious  disease  of  the 
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retina,  and  the  eyeball  be  simply  elongated,  the  subject  who  is 
merely  myopic  will  be  able  to  read  the  very  finest  type,  and  see 
the  very  finest  objects  with  great  facility.  But  inasmuch  as 
tnere  are  cases  in  which  the  patient  has  a  myopic  structure 
of  the  eyeball,  and  yet  sufficient  disease  to  cause  inability  to 
read  fine  type,  or  to  see  very  fine  objects,  this  test  is  by  no 
means  exclusive.  It  hardly  deserves  the  name  of  a  scientific 
test.  In  testing  for  myopia,  the  observer  should  carefully 
exclude  latent  hypermetropia,  especially  in  young  persons 
Then  the  test  with  glasses  and  the  examination  of  the  refrac- 
tion with  the  ophthalmoscope,  will  determine  the  degree.  The 
ophthalmometer  will  here,  as  in  all  errors  of  refraction,  play  an 
important  part  in  determining  how  much,  if  any,  of  the  ability 
to  see  at  a  distance  may  be  due  to  corneal  astigmatism.  This 
defect  is  not  at  all  so  frequent  in  myopia  as  in  hypermetropia, 
yet  high  degrees  of  myopic  astigmatism  do  occur  without  axial 
myopia,  and  must  always  be  looked  out  for.  This  infrequence 
of  astigmatism  is  one  of  the  reasons  why  true  asthenopia  is  so 
infrequent  in  myopia.  The  practitioner  who  does  not  use  the 
ophthalmometer,  in  all  doubtful  cases,  should  practise  retinos- 
copy  and  use  sulphate  of  atropia,  in  young  persons,  lest  he 
mistake  artificial  for  true  myopia. 

The  cornea  should  also  be  very  carefully  examined  for 
minute  opacities,  which  result  from  ulcers  that  have  occurred 
in  infancy  and  early  childhood,  and  which  have  been  forgotten 
by  the  patient  or  the  family.  Certain  cases  that  are  amblyopic 
from  this  cause  may  be  mistaken,  on  a  hasty  examination,  for 
true  myopia. 

OPHTHALMOSCOPIC  APPEARANCES. 

In  many  cases  of  myopia,  especially  that  of  low  degree,  and 
in  its  beginning,  there  are  no  especial  ophthalmoscopic  appear- 
ances. But  those  who  are  experts  in  the  use  of  the  ophthalmo- 
scope for  the  measurement  of  refraction,  can  usually  correctly 
measure  the  degree  of  myopia  with  that  instrument.  Besides 
this,  it  is  characteristic  of  a  myopic  eye  that  the  details, 
entrance  of  the  optic  nerve,  optic  papilla,  veins  and  arteries, 
pigmentation  of  the  fissures,  can  be  seen  at  some  distance  away, 
if  the  direct  method  of  ophthalmoscopy  be  employed.     In  very 
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high    degrees    of   myopia,   it  is   better  to   employ  the   indirect 

method    for  careful  study  of   the  condition  of   the  retina  and 

choroid,  because  a  very  strong  glass  must  be  used  to  see  by  the 

direct  method.     In  using  the  ophthalmoscopic  mirror,  when  the 

head  of  the  observer  is  moved  to  one  side,  the  blood-vessels  are 

seen  to  move  in  the  contrary  direction.     This  is  due  to  the  fact, 

that  in  myopia  an  aerial  image  of  the  fundus  is  formed  by  the 

refractive  media  of  the  eye  itself,  at  a  distance  corresponding 

to  the  degree  of  the  existing  myopia.     For  example,  in  a  case 

of  myopia  of  three  diopters,  at  about  twelve  inches  from  the 

eye,  if  the  observer  be  nearly  emmetropic,  to  get  a  clear  image 

of  the  details  of  the  fundus,  a  concave  glass  to  neutralize  the 

myopia  of   the  eye  being  observed    must  be  used.     The   focal 

distance  of  this  glass,  added  to  its  distance  from  the  nodal-point 

of  the  eye  being  observed,  equals  the  degree  of   the  myopia. 

But  the  glass  used  to  correct  the  myopia  in  the  eye  observed 

expresses,  for  all  practical  purposes,  the  number  of  the  proper 

correcting  glass,  for  it  is  held  at  about  the  same  distance  from 

the  eye  as  the  correcting  glasses  for  the  patient's  use  will  be. 

It  is  only  when  the  observer  wishes  to  estimate  the  refraction 

with  entire  accuracy,  that  the  distance  between  the  glass  and 

the  nodal  point  need  be  considered.     It  is  to  be  remembered 

that  in  myopia  the  correcting  glass  is  stronger,  and  in  hyper- 

metropia  weaker,  than  it  would  be  if  it  could  be  placed  at  the 

nodal  point.     If  the  fundus  be  seen  clearly  through  a  glass  of  4 

diopters,   held  away  2  inches,  -^  =  -g-,  the  real  degree  of  the 

1 
myopia  =  \  +  ■£%  =  T%  or  jy  =  about  9  diopters.      In  hvper- 

metropia,  under  the  same  conditions,  the  hypermetropia  would 
be  +  |  -  {  6  D.  -  18  =  12  D. 

In  fitting  myopes  with  glasses,  as  will  be  seen,  we  choose 
the  weakest  glass  that  brings  the  vision  up  to  the  proper  stan- 
dard. Just  so  in  measuring  the  myopia  with  the  opthalmo- 
scope,  we  estimate  its  degree  by  the  strength  of  the  weakest 
glass  with  which  the  details  of  the  fundus  remain  clear  and 
well  defined.  Loring's  tables  of  the  actual  lengthening  of  the 
eye,  in  various  degrees  of  hypermetropia  and  myopia,  tables 
which  he  calculated  from  the  formulas  of  Helmholtz,  are  very 
interesting  to  those  who  make  much  of  measuring  the  refrac- 
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tion  with  the  ophthalmometer. '  Nowhere  is  this  more  important 
than  in  young  persons  who  seem  to  have  myopia,  but  in  whom 
the  ophthalmoscope  finds  not  only  hypermetropia,  hut  that  of  a 
high  degree.  Loring  believed  that  hyperopes  of  a  high  degree 
were  much  more  apt  to  relax  their  accommodation  during  an 
ophthalmoscopic  examination,  than  those  having  a  low  degree, 
less  than  0.50  D.  His  reasoning  is  very  plausible.  He  says 
that  hypermetropes  of  a  high  degree  often  relax  their  accom- 
modation entirely,  while  looking  inattentively,  at  a  distance, 
and  make  no  attempt  to  call  it  into  play  until  their  attention  is 
aroused.  Consequently,  when  being  tested  by  glasses,  they 
call  upon  their  accommodation  to  decipher  the  smaller  letters 
of  the  test  card,  but  when  placed  in  a  darkened  room,  and  told 
to  look  at  a  wall  with  no  objects  upon  it,  and  which  will 
appear  to  them  but  a  very  little  less  clear,  when  seen  through 
circles  of  dispersion,  they  easily  and  preferably  relax  their 
accommodation;  but  young  persons  with  less  than  o.T.j  D.  of 
hypermetropia,  Loring  thinks,  never  relax  their  accommoda- 
tion, because  they  prefer  to  make  some  strain  on  the  ciliary 
muscle,  to  seeing  in  circles  of  dispersion.2  I  have  no  difficulty 
in  accepting  Loring's  views  on  this  subject.  It  is  very  fortu- 
nate for  the  observer  that  they  are  true,  and  that  the  expert  in 
ophthalmoscopy,  will  not  be  in  danger  of  mistaking  spasm  for 
true  myopia,  without  the  aid  of  atropia. 

POSTERIOR   STAPHYLOMA. 

There  is  a  condition  of  the  fundus  almost  entirely  peculiar 
to  myopia,  which  deserves  especial  consideration  in  all  cases,  as 
to  its  presence  or  absence,  its  magnitude  and  details.  This  is 
the  so-called  posterior  staphyloma,  or  the  myopic  crescent,  also 
sclerotico-choroiditis  posterior,  sclerectasia  posterior.  This  is 
due  to  the  elongation  of  the  eyeball  caused  by  stretching  and 
inflammation  of  the  retina  and  choroid  at  this  point.  It  leads 
to  atrophy  of  the  tissue  which  gives  the  peculiar  appearance. 
The  observer  should  examine  eyes  beginning  to  be  myopic,  for 
the  mapping  out,  as  it  were,  of  this  condition,  since  it  forms 
quite  an  element  in  the  prognosis.     It  usually  occurs  in  highly 

1  "Text-Book  of  Ophthalmoscopy."  ■  Ibid.,  p.  112. 
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myopic  eyes  only,  and  leads  to  a  further  increase  in  the  myopia. 
Sometimes  it  becomes  so  large  as  to  invade  the  macula  lutea, 
which  of  course,  causes  great  loss  of  sight,  or  even  total  destruc- 
tion of  central  vision.     The  predisposition  to  posterior  staphyloma 

seems  to  be  congenital.  It 
may  be,  happily  for  the  pa- 
tient, stationary.  The  cres- 
cent is  then  seen,  as  a  more 
or  less  regularly  curved  cres- 
cent at  the  outer  side  of  the 
optic  disc,  or  it  may  be  a  zone 
extending  nearly  or  quite 
around  the  disc,  of  a  glisten- 
ing white  color.  This  color  is 
from  the  sclerotic,  showing 
through  the  atrophied  cho- 
roid.    The  edges  of  the  cres- 

Fig.  170.— Posterior  Staphyloma  in  the  Myopic    Cent  Or  ZOlie,    as  the  Case  may 
Eye,  with  Disseminated  Choroiditis.  ^       ^       ^j       defined      and 

fringed  with  pigment.  The  retinal  vessels  are  seen  running 
over  it.  The  myopia  does  not  increase  in  such  cases,  and  the 
eye  is,  consequently,  not  painful  or  irritable. 

But,  if  the  process  be  progressive,  inflammatory  symptoms 
are  added  to  those  just  described.  The  edges  of  the  crescent 
are  congested  and  indistinct,  additional  white  patches  appear, 
and  are  united  to  the  original,  the  vitreous  humor  becomes 
turbid,  and  the  vision  is  impaired  beyond  the  power  of  concave 
glasses  to  improve.  Choroidal  hemorrhages,  detachment  of 
the  retina,  and,  exceptionally,  glaucoma  may  be  added  to  the 
myopia.  It  is  all  this,  which  causes  such  concern  in  cases  of 
myopia  of  a  high  degree,  or  in  the  progressive  form  of  the  dis- 
ease. An  inability  to  continue  to  use  the  eyes  (asthenopia)  in  a 
myopic  patient  is  always  a  more  serious  matter  than  the  same 
symptoms  occurring  in  hypermetropia,  for  it  is  often  merely  a 
sign  of  chroidal  irritation  or  inflammation. 

REMOTE   CAUSES   OF   MYOPIA. 

If  we  can  imagine  a  state  of  things  in  which  it  is  desirable 
to  make  a  myopic  eye,  the  following-named  conditions  would 
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do  it.  The  rather  fanciful  picture  may  serve  to  give  an  idea  of 
the  principles  involved  in  the  prevention  of  myopia.  If  a  child 
be  born  of  myopic  heredity,  and  be  besides  not  well  nourished, 
begin  at  an  early  age  to  use  the  eyes  on  fine  objects,  especially 
if  with  poor  illumination,  and  with  no  regard  to  its  position 
with  reference  to  the  light  and  the  object,  and  not  have  a  full 
amount  of  exercise  in  the  open  air,  and  all  general  hygienic 
conditions  be  neglected,  we  may  certainly  expect  myopia.  The 
anatomical  situation  of  the  beginning  of  the  condition  is  the 
ciliary  muscle.  This  becomes  congested  from  the  strained 
accommodation.  This  strain  occurs  in  consequence  of  the  con- 
stant effort  to  get  a  clear  image  upon  the  retina.  The  ciliary 
region  finally  softens  and  gives  way  and  the  eyeball  is 
lengthened  (Arlt). 

Undoubtedly  uncorrected  errors  of  refraction  may  lead  to  this 
condition,  and  it  may  occur,  when  the  hereditary  predisposi- 
tion is  marked,  in  hearty  children  when  every  known  hygienic 
precaution  seems  to  have  been  observed.  Yet,  in  the  vast 
majority  of  instances,  myopia  occurs  in  families  where  much 
remains  to  be  desired  in  general  ph}rsical  development. 

Treatment. — In  view  of  the  importance  of  myopia,  if  pro- 
gressive, to  the  ultimate  vision,  the  physician  cannot  be  too 
much  on  his  guard  to  prevent  its  out- 
break or  increase  in  the  families  un- 
der his  charge.  Parents  who  are 
myopic,  should  be  warned  of  the  dan- 
gers to  their  offspring,  of  the  objects 
upon  which  the  eyes  are  to  be  used, 
the  character  of  the  illumination,  and 
the  position  in  reading  or  sewing,  or 
the  like.  The  physical  development 
should  be  well  looked  to,  and  whenever 
physicians  can  exercise  any  supervision 
over  school -rooms  and  school -hours, 
they  should  do  so,  in  order  to  secure 
an  abundance  of  daylight,  a  proper 
position  of  the  pupils  at  properly  constructed  desks,  and  so 
forth.  A  wide-spread  recognition  of  the  dangers  of  myopia  on 
the  part  of  Boards  of  Health  and  school  authorities,    will  do 


Fig.  171.  —  Model  of  a  Proper 
School-Desk  for  Growino  Chil- 
dren.    (Cohn.) 
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much  to  prevent  a  country  from  being  afflicted  with  what  may 
become  a  real  calamity  to  the  commonwealth,  as  well  as  to  the 
individual. 

CORRECTING    GLASSES. 

There  is,  in  spite  of  all  that  science  has  promulgated  in  this 
respect,  a  prejudice  against  correcting  glasses.  It  seems  extra- 
ordinary at  first  thought,  that  any  person  whose  vision  is 
imperfect  will  regret  a  means  of  making  it  perfect,  but  those 
who  from  youth  to  mature  age  have  seen  nothing  except  in 
what  a  myopic  and  artistic  lady,  once  described  to  me  as  "  a  beau- 
tiful haze/'  very  often  decline  to  wear  glasses  which  bring  out 
everything  with  a  startling  and,  to  some,  an  unpleasant  dis- 
tinctness. They  complain  that  the  features  of  their  friends 
have  lost  their  charm  to  them,  because  of  the  lines  and  furrows 
and  defects  which  were  formerly  unnoticed.  This  state  of 
mind  does  not  possess  all.  Even  mature  persons  and  young 
persons  in  school,  who  cannot  see  the  figures  on  the  charts  and 
blackboards  of  the  recitation-room,  hail  with  delight  that  assis- 
tance which  puts  them  on  an  equality  with  their  fellows.  It 
has  long  been  since  observed  and  commented  upon  by  Donders 
and  Loring,  that  character  may  be  influenced  very  materially 
by  the  existence  of  uncorrected  myopia.  We  will  imagine  that 
a  boy  or  girl  who  never  sees  the  moon  or  stars,  or  even  the  face 
of  a  friend  distinctly,  unless  he  is  very  near  to  him,  who  can 
learn  nothing  of  the  beautiful  details  of  the  trees  of  the  forest, 
or  the  lilies  of  the  field,  must  grow  up  to  a  very  different  man- 
hood or  womanhood,  than  one  who  has  always  unconsciously 
almost  enjoyed  the  study  of  the  play  of  expression  on  a  human 
face,  and  the  beauty  of  the  sky,  the  fields,  and  the  flowers. 
But  the  individual  human  mind  compares  the  vision  of  others 
with  its  own  with  very  great  difficulty.  Many  who  see  very 
badly  at  distances,  say  what  we  mathematically  express  by  f$ 
or  f-jj-,  are  utterly  unaware  that  they  do  not  see  quite  as  well 
as  any  one,  so  consumed  are  they  by  their  capacity  to  see  the 
finest  objects  and  to  continue  to  use  their  eyes  without  limita- 
tion of  time,  and  so  ignorant  are  they  of  what  others  see. 

Then  again,  myopes  learn  certain  little  devices  by  which 
they  recognize  objects  which  seem  to  be  beyond  their  visual 
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capacity;  a  large  feather,  or  other  distinctive  mark  on  a  friend's 
bonnet,  of  a  lady,  and  other  similar  distinguishing  marks   of 

considerable  size  enable  tbeni  to  perform  actual  feats  of  vision, 
which,  with  blinking,  enable  them  to  scorn  the  assistance  of 
glasses.  So  unobserving  is  the  world  in  general  as  to  their 
functions,  unless  some  serious  interference  with  their  perfor- 
mance occurs,  that  intelligent  people  will  sometimes  be  told  for 
the  first  time,  when  such  an  occasion  as  adjusting  glasses  for 
presbyopia  occurs,  that  they  cannot  read  line  type  with  one  of 
their  eyes,  nor  see  more  than  half  as  well  at  a  distance  with  the 
other.  Among  the  less  intelligent,  even,  great  objects  some- 
times pass  unnoticed,  until  blindness  lias  set  in.  A  lawyer 
cross-examining  an  oculist  in  court,  once  became  very  indig- 
nant because  the  witness  stated  that  he  had  seen  many  tolerably 
intelligent  people,  with  some  education,  who  could  not  tell  any- 
thing accurately  about  their  vision;  but  the  oculist  was  right 
and  the  lawyer  wrong.  Persons  sometimes  come  for  examina- 
tion who  declare  they  see  quite  well  with  an  eye  with  which 
they  are  unable  to  count  figures  a  foot  away,  and  others  can 
scarcely  be  induced  to  tell  what  they  actually  can  read  of  the 
test  letters,  hut  impatiently  answer,  "  Oh,  I  can  see  all  of 
them."  when  they,  perhaps,  can  read  only  -^V  or  even  less. 
Many  people  mean  that  they  can  see  that  of  which  they  can 
make  out  the  color  and  bare  outline,  without  being  able  to  define 
it  as  a  given  object,  or  a  letter  of  the  alphabet. 

As  an  illustration  of  the  want  of  knowledge  of  many  per- 
sons as  to  their  comparative  vision,  the  following  striking  case 
from  the  practice  of  Dr.  Van  Fleet  is  adduced : 

Mrs.  M.  L.,  aged  25  years.  She  is  one  of  a  large  family.  As  far 
as  she  knows,  none  of  them  ever  had  any  trouble  with  their 
eyes.  She  knew  she  was  unable  to  see  objects  clearly  unless  she 
approached  very  close  to  them,  but  she  supposed  everybody  had  the 
same  difficulty.  She  never  thought  of  anything  being  the  matter 
with  her  eyes,  until  her  marriage  and  after  the  birth  of  her  first  child. 
She  then  observed  one  day  when  holding  her  baby  on  her  lap  that 
she  could  not  see  the  color  of  its  eyes.  When  she  consulted  her  phy- 
sician, he  referred  her  to  Dr.  Frank  Van  Fleet,  who  found  that  her 
vision  on  the  right  side  was  .,-,,",,.  With  a  glassof  —  1-i  D.  it  became  |£. 
In  the  left  eye  her  vision  was  2woj  an^  with  a  —  16  D.  it  became  f$. 
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The  wearing  of  these  glasses  caused  the  most  profound  astonishment. 
The  patient  had  no  idea  that  any  one  ever  saw  so  plainly  as  she  is 
now  able  to  do.  This  patient  was  a  woman  in  comfortable  circum- 
stances, of  intelligence  and  education.  Hundreds  of  such  could  be 
found  by  looking  over  the  case-books  of  oculists,  and  many  more 
who  never  have  consulted  an  oculist,  never  have  worn  a  glass,  but 
are  perfectly  content  with  their  own  sight. 

There  are  hardly  any  exceptions  to  the  statement  that 
myopia  that  does  not  allow  a  person  to  see  more  than  f~j} ,  and 
that  without  blinking,  ought  to  be  corrected.  A  vision  of  |~g- 
may  well  be  left  uncorrected,  if  the  subject  so  desire.  Myopes 
usually  read  without  glasses.  This,  of  course,  they  can  easily 
do,  since  the  rays  of  light  are  more  divergent  the  nearer  the 
object,  and  their  long  eyeballs  are  adapted  to  this  condition  of 
things.  There  is  no  objection  to  this,  if  the  myopia  be  not  of 
so  high  a  degree  that  the  objects  upon  which  the  eyes  are  to  be 
fixed,  must  be  brought  nearer  than  eight  inches  from  the  eye. 
The  danger  of  increase  of  myopia,  as  has  already  been  said, 
rests  in  stooping  the  head  and  shoulders,  and,  consequently, 
overfilling  the  ciliary  muscle  with  blood,  and  preventing  its 
free  circulation.  Patients  with  a  high  degree  of  myopia,  ought 
to  wear  glasses  from  morning  until  night,  in  all  occupations. 
Usually  the  glass  that  is  adapted  for  distant  vision  will  be  the 
one  required  for  this  purpose.  There  is  more  danger  of  too 
little  aid  to  the  ciliary  muscles  and  internal  recti,  than  too 
much.  It  is  often  the  case  that  myopic  subjects  cannot  bring 
themselves  at  once  to  tolerate  a  full  correction,  but  it  is  by  no 
means  certain  that  they  will  not  ultimately  be  more  comforta- 
ble with  these  than  with  any  other.  I  am  more  and  more  in 
the  habit  of  advising  a  full  correction,  and  that  the  glass  be 
worn  for  all  occupations,  as  being  the  most  likely  means  of 
securing  the  comfort  of  the  patient  and  guarding  him  against 
the  dangers  of  progressive  near-sightedness. 

Patients  with  a  high  degree  of  myopia,  and  one  diopter  of 
astigmatism,  do  not  generally  care  to  have  the  astigmatism 
corrected.  They  probably  correct  it  unconsciously  by  a  position 
of  the  head  or  of  the  glass,  and  I  do  not  urge  the  correction  of  an 
astigmatism  of  one  diopter  in  a  case  of  myopia  of  six  diopters  or 
more,  unless  the  patients  prefer  it.     But  1  endeavor  to  induce 
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them,  by  careful  and  repeated  trials,  extending,  if  necessary, 
over  a  considerable  period  of  time,  to  wear  glasses  that  fully 
correct  the  myopia.  The  reader  may  remember  that  this  is  the 
reverse  of  the  advice  for  latent  hypermetropia,  or  even  for  mani- 
fest of  a  low  degree. 

In  prescribing  glasses  for  myopia,  the  morbid  conditions  of 
the  eyeball  that  may  exist  come  very  much  into  consideration. 
There  are  many  cases  of  advancing  myopia,  consequent  upon 
inflammation  or  congestion,  or  irritation  of  some  parts  of  the 
eye,  especially  in  the  ciliary  region  or  the  optic  papilla,  where  all 
continuous  use  of  the  eyes  upon  near  objects,  must  be  given  up, 
the  patient  sent  on  long  voyages,  a  journey  to  rural  life,  or  the 
like.  But  in  speaking  of  adjusting  glasses  to  myopes,  we  are 
speaking  of  those  in  which  no  marked  symptoms  of  these  con- 
ditions are  present.  A  full  correction,  however,  of  the  myopia 
for  the  distance  is  applicable  even  to  such  eyes.  A  patient  with 
large  floating  bodies  in  the  vitreous  humor,  and  other  evidences 
of  choroiditis,  is  better  off  with  his  myopia  corrected,  for  his 
going  about  and  social  intercourse,  than  without  glasses. 

RADICAL  CURE  OF  MYOPIA. 

The  radical  cure  of  myopia  was  much  talked  about  before 
Arlt  and  Yon  Jaeger  demonstrated  its  anatomical  nature  to  be 
essentially  an  elongation  of  the  eyeball,  when  the  cornea  and 
the  lens  were  supposed  to  be  the  seat  of  its  origin.  Purkinje  and 
Ruete  '  proposed  to  restore  the  proper  curvature  of  the  cornea  by 
pressure,  but  now  that  we  know  the  true  nature  of  the  elonga- 
tion of  the  eyeball,  such  a  mode  of  cure  is  properly  regarded  as 
absurd.  Only  a  staphylomatous  cornea  in  process  of  healing 
can  be  advantageously  treated  in  this  manner,  and  then  not 
always  successfully,  but  a  healthy  cornea  never.  W.hen  there  is  a 
very  marked  pressure  of  the  muscles  upon  the  eyeball,  with  occa- 
sional divergent  squint,  the  externi  may  be  divided  and  set  back ; 
but  tenotomy,  as  recommended  by  those  whom  Donders  found 
practising  it  in  cases  of  hypermetropia  mistaken  for  myopia,  or 
as  performed  by  a  later  school  which  to  a  slight  degree  had  the 
sanction  of  Graefe  the  elder,  should  not  be  thought  of.  Latent 
insufficiencies,  in  other  words,  should  not  be  meddled  with  by 
1  Donders,  loc.  cit..  p.  415. 
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operations.  In  early  life  even  a  very  marked  divergence  at 
intervals  should  not  be  corrected  by  separating  the  muscle  from 
its  attachment.  The  operations  are  very  often  unsuccessful, 
and  until  puberty  is  reached,  we  cannot  tell  but  that  the  patient 
may  overcome  the  weakness  of  the  muscle. 

EEMOVAL  OF  THE  LENS  FOR  THE  CURE  OF  MYOPIA. 

What  to  say  about  the  operation  for  the  cure  of  myopia  by 
the  removal  of  the  crystalline  lens,  is  not  so  clear.  The  incon- 
veniences, to  use  no  stronger  word,  of  a  very  high  degree  of 
myopia,  say  of  twelve  diopters,  are  so  great  and  the  dangers  so 
imminent,  that  one  may  actually  think  of  removal  of  the  lens, 
as  a  way  out  of  serious  difficulties.  Thirty  years  ago,  the 
operation  was  condemned  by  high  authority,  but  of  late  good 
reports  have  come  from  a  very  few  cases.  Were  the  dangers  of 
extraction  less,  there  could  be  no  question  of  the  propriety  of  the 
operation  in  extreme  cases.  I  have,  as  yet,  seen  no  case  where 
I  would  be  willing  to  advise  the  removal  of  the  lens  for  the  cure 
of  myopia,  but  I  am  not  at  all  certain  that  a  case  of  advancing 
myopia,  which  is  of  a  very  high  degree,  would  not  tempt  me  to 
advise  and  perform  an  operation.  That  it  can  ever  have  any 
extended  field  is,  however,  extremely  improbable,  unless  we 
may  still  further  diminish  the  dangers  of  total  loss  of  the  eye 
from  extraction  of  the  lens.  Those  dangers,  it  should  be 
remembered,  are  greater  in  the  removal  of  a  transparent  lens 
than  in  the  opaque  one.  Nothing  need  be  said,  to  any  extent, 
of  the  cure  of  myopia  by  the  use  of  atropia.  No  such  thing  is 
possible.  The  cases  reported  of  such  a  result  are  simply  cases 
where  the  tonicity  of  the  ciliary  muscle  has  been  reduced,  or 
spasm  of  accommodation  relieved.  In  the  former  case,  the  eye- 
ball will  return  to  its  normal  condition  as  soon  as  the  use  of  the 
atropia  is  discontinued  and  its  effects  recovered  from.  In  the 
latter,  either  a  low  degree  of  myopia  has  been  over-estimated, 
or  hypermetropia  was  mistaken  for  it.  We  have  no  means  as 
yet  of  lessening  the  degree  of  true  myopia. 

The  only  real  change  that  may  occur  is  from  the  effects  of 
age,  when  the  lens  may  become  of  lesser  refractive  power,  as 
will  be  observed  in  the  discussion  of  presbyopia. 


TRANSIENT    MYOPIA    AND    IRITIS.  489 


TRANSIENT  MYOPIA   IN   CONNIPTION   WITH   IRITIS. 

In  188?  Dr.  John  Green  called  attention  to  transient 
myopia,  occurring  in  connection  with  iritis.1  He  noticed  dur- 
ing an  attack  of  double  iritis  in  L86T,  occurring  in  his  own  eyes, 
that  vision  at  a  distance  of  20  feet  was  greatly  improved  by 
concave  glasses  of  about  t.'^.  Ashe  recovered,  weaker  concave 
glasses  were  sufficient  to  raise  the  acuteness  of  vision  to  its 
maximum,  until  about  two  months  from  the  beginning  of  the 
attack  the  vision  had  become  normal.  Dr.  Green  made  similar 
measurements  upon  other  patients  convalescent  from  iritis,  and 
he  found  a  similar  change,  amounting  at  first  to  1.50  D.,  gradu- 
ally falling  off  to  zero  in  from  a  month  to  six  weeks.  Twenty 
years  after  the  first  attack,  Dr.  Green  had  a  second  in  the  left 
eye  alone.  As  in  the  previous  attack,  the  refractive  change  was 
a  transient  myopia  of  from  1.  50  D.  to  1.75  D.  Dr.  Wadsworth 
confirmed  this  observation  of  Dr.  Green's  by  those  made  on  his 
own  patients.  Since  that  time,  Dr.  A.  Schapringer  has  deter- 
mined what  he  believes  to  be  the  proximate  cause  of  this  tran- 
sient form  of  myopia,  associated  with  iritis.2  He  remarks  that 
he  did  not  accept  Dr.  Mittendorf  s  explanation  of  this  increase 
of  refraction,  made  in  1888,  that  it  was  the  result  of  an  infil- 
tration of  the  anterior  portion  of  the  vitreous  body,  increasing 
the  bulk  of  this  organ  to  such  a  degree  as  to  push  the  lens  for- 
ward. Dr.  Schapringer  rejects  this  theory,  because  he  thinks 
that  the  suspensory  ligament  of  the  lens  has  such  strength  that 
an  increase  of  pressure  in  the  vitreous  humor,  must  be  very 
great  to  displace  the  lens  forward.  This,  he  argues,  would 
cause  the  globe  to  be  hard,  and  make  it  present  other  symptoms 
of  tension. 

Dr.  Schapringer  also  rejects  any  augmentation  of  the 
corneal  curvature  as  a  cause,  this  having  been  disproved  by  the 
ophthalmometric  measurements,  and  also,  he  rejects  spasm  of 
the  ciliary  muscle,  on  apparently  good  grounds.  He  believes 
that  the  transient  myopia  of  iritis,  is  best  explained  by  a  tem- 
porary increase  of  the  refractive  index  of  the  aqueous  humor. 

1  Transactions  of  the  American  Ophthalmological  Society,  1887,  p.  599. 
■-'  New  York  Medical  Journal.  October  01st.  1893. 
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It  is  a  fact,  he  says,  that  th'e  composition  of  the  contents  of 
the  anterior  chamber  in  iritis  differs  from  that  in  the  normal 
state.  He  believes  this  to  be  due  to  the  deposit  of  fibrin  upon 
the  walls  of  the  anterior  chamber  and  aqueous  humor.  A 
higher  index  of  refraction  of  the  aqueous  will  produce  short- 
sightedness, Schapringer  thinks,  because  the  beams  of  light 
which  receive  an  inclination  toward  the  optical  axis,  when 
refracted  at  the  anterior  corneal  surface,  will  receive  an  addi- 
tional inclination  toward  this  axis  at  the  posterior  corneal  sur- 
face. Accepting  this  hypothesis,  as  the  true  explanation  of  the 
myopia  caused  by  iritis,  the  writer  argues  against  continuing 
the  instillations  of  atropine  after  the  pupil  has  fully  yielded  to 
its  action,  and  the  congestion  has  subsided,  although  the  myopia 
may  still  be  present.  He  thinks  a  dilated  pupil,  kept  up  to 
long,  might  interfere  with  the  drainage  of  the  anterior  cham- 
ber. If  the  myopia  persists  for  some  time  after  the  subsidence 
of  the  inflammation,  Dr.  Schapringer  recommends  massage  of 
the  eyeball  as  a  proper  therapeutic  measure.  But  he  gives  no 
cases  in  which  this  treatment  has  been  adopted.  He  proposes 
to  call  this  form  of  myopia  "index  myopia."  He  recom- 
mends the  profession  to  settle  the  question  by  measurements 
with  the  ophthalmometer.  Schapringer  believes  that  the 
myopia  caused  by  diabetes,  is  also  index  ametropia. 


CHAPTER   XXIX. 
ASTIGMATISM. 

Definition. — All  Errors  of  Refraction  Divided  into  Either  Hypermetropia  or 
Myopia. — Corneal  Astigmatism. — Different  Forms  of  Astigmatism. — The 
two  Kinds  of  Aberration  in  the  Course  of  Light. — Thomas  Young,  the  Real 
Discoverer  of  Astigmatism. — Astigmatism  With  and  Against  the  Rule. — 
Diagnosis. — The  Disturbances  t<>  Vision  caused  by  Astigmatism  of  a  High 
Degree. — The  Lenticular  Astigmatism  of  Thomas  Young. — The  Degree  of 
Astigmatism  needing  Correction,  and  that  likely  to  Produce  Asthenopia. — 
A  More  Important  Element  in  the  Production  of  Asthenopia  than  Hyper- 
metropia.—  Dr.  Deynard's  Tables  of  Non-Asthenopic  Persons. — Donders' 
Statement  as  to  What  Amount  of  Corneal  Astigmatism  is  Abnormal,  and 
the  Lessening  of  the  same  by  the  Lens. — Javal's  Rule. 

Astigmatism  («  privative,  and  K-rpm,  a  point).  Definition: 
Literally,  that  state  of  the  refraction,  in  which,  when  the  eyes 
are  at  rest,  rays  of  light  from  a  point  ore  not  reunited  in  a 
point. 

Astigmatism  depends  on  a  want  of  symmetry  in  the  cornea 
or  lens,  or  both.  This  causes  the  refraction  to  differ  in  differ- 
ent meridians.  When  the  defect  is  of  considerable  degree, 
more  than,  say,  one  and  a  half  a  diopter,  the  confusion  in  the 
image  formed  on  the  retina  cannot  be  overcome  by  the  patient. 
All  vision  is  blurred,  while  an  examination  will  show  that  one  set 
of  lines,  either  vertical,  horizontal,  or  oblique,  is  seen  more  dis- 
tinctly. But  one  diopter  of  corneal  astigmatism,  if  of  the  kind 
usually  found  in  hypermetropia  and  myopia,  may  exist  without 
any  impairment  of  vision  which  can  be  detected,  unless  by  a  most 
exact  examination  by  an  expert. 

All  errors  of  refraction  may  be  divided  into  either  hy- 
permetropia or  myopia.  Astigmatism  exists  with  either  con- 
dition. It  may  be  in  one  meridian  of  the  eye  hyperopic.  and 
in  the  other  myopic.  We  may  illustrate  this  by  the  following 
table: 
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1.  Simple  hyperopic  astigmatism.  In  this  one  meridian  is 
hyperopic,  the  other  emmetropic,  or  more  frequently  only 
very  slightly  hyperopic. 

2.  Compound  hyperopic  astigmatism.  Both  meridians  are 
hyperopic,  but  one  more  so  than  the  other. 

3.  Mixed  astigmatism.  One  meridian  is  hyperopic  while  the 
other  is  myopic. 

4.  Irregular  astigmatism.  One  and  the  same  meridian  is  of 
different  degrees  of  refraction. 

Myopic  astigmatism  is,  of  course,  subdivided  into  simple  and 
compound  just  as  is  hyperopic. 

The  discussion  in  this  chapter  chiefly  concerns  corneal 
astigmatism,  for  we  know  very  little  of  that  form  which  is 
dependent  upon  the  lens.  The  latter  is,  fortunately,  also  of  very 
infrequent  occurrence,  and  need  not  greatly  concern  us  in  our 
investigation  of  the  refraction  of  the  eye.  In  a  strict  sense,  as 
was  pointed  out  by  Van  Fleet, '  the  cornea  and  the  lens  form  the 
chief  seats  of  errors  of  refraction,  since  they  with  the  vitreous 
are  the  only  parts  of  the  eye  that  refract  rays  of  light.  We  may 
some  day  recast  the  nomenclature  of  errors  of  refraction,  but  I 
do  not  think  we  are,  as  yet,  justified  in  any  more  radical  changes 
than  those  laid  down  by  Donders,  and  those  that  have  been 
already  made  in  this  volume.  There  is,  however,  a  classifica- 
tion of  corneal  astigmatism  upon  which  formerly  little  stress 
was  laid,  and  which  by  some  writers  seems  to  have  been  un- 
known. This  classification  becomes  of  importance  in  the  diag- 
nosis by  the  ophthalmometer. 

This  is  the  classification  of  corneal  astigmatism  with  or 
against  the  rule.     More  of  this  will  be  said  a  little  later. 

The  late  Astronomer  Royal  of  England,  Airy,  described 
the  defect  as  existing  in  one  of  his  own  eyes,  and  Eeverend 
Dr.  Whewell,  of  England,  gave  the  defect  its  name.  Whew- 
ell  used  the  name  only  for  the  regular  form.  Donders  ap- 
plied the  name  to  all  forms,  and  in  that  sense  it  is  generally 
employed. 

Astigmatism,  besides  its  division  into  terms  defining  the 
general  conformation  of  the  eyeball,  is  also  divided  into:  (1) 
Regular;   (2)  Irregular. 

1  The  Post-Graduate,  vol.  vii.,  p.  '-308  et  seq. 


THE    ABERRATION   OF   LIGHT.  493 

The  regular  is  that  form  in  which  each  meridian  continues 
the  same  in  refractive  power  throughout  its  course. 

The  irregular  is  that  form  in  which  there  are  variations  in 
one  and  the  same  meridians. 

THE  ABERRATION  OF  LIGHT. 

The  student  of  optics  knows,  but  it  may  be  repeated  here,  for  the 
purpose  of  continuity  and  clearness  of  description,  that  there  are  two 
kinds  of  aberration  in  the  course  of  light. 

1.  Chromatic.  This  results  from  a  difference  of  refrangibility 
of  the  rays  of  light. 

Rays  which  were  originally  parallel  to  the  axis  of  a  light-refract- 
ing surface,  and  also  at  an  equal  distance  from  that  axis,  undergo 
no  aberration,  in  consequence  of  coming  upon  a  spherical  surface, 
and  if  they  were  of  the  like  nature  would  remain  directed  exactly  to 
one  point.  But  rays  of  an  unlike  nature,  find  their  focus  in  the  axis, 
at  different  distances  from  the  refracting  surface,  the  violet  and  blue 
rays  at  a  shorter,  the  red  at  a  longer,  distance.  This  is  chromatic 
aberration  as  seen  in  the  dioptric  system  of  the  eye.  It  scarcely  in- 
terferes with  the  acuteness  of  vision. 

2.  Homogeneous  light  consists  of  the  same  length  of  waves. 
They  are  of  equal  refrangibility.  The  light  is  of  similar  color,  and 
is  so  named,  monochromatic.  If  such  rays  fall  parallel  to  each 
other,  upon  a  spherical  surface,  and  at  the  same  time  at  an  equal 
distance  from  its  axis,  they  are  refracted  in  an  equal  degree  from  or 
toward  this  axis.  They  continue  directed  to  one  point.  But  if, 
although  parallel  to  the  axis,  they  strike  the  surface  at  different  dis- 
tances from  that  axis,  they  cease  to  be  directed  to  one  point.  The 
farther  from  the  axis  they  strike  the  surface,  the  nearer  to  the  sur- 
face they  cut  the  axis.  This  deviation  is  called  spherical  aberration 
of  rays  of  one  color.  This  one-colored  aberration  in  the  eye  has  ref- 
erence to  aberration  in  one  and  the  same  meridian,  irregular  astig- 
matism. 

Then  there  is  the  aberration  dependent  upon  the  difference  in 
focal  length  of  the  different  meridians  of  the  cornea,  or  of  the  lens, 
constituting  the  light-refracting  system  of  the  eye.  This  is  regular 
astigmatism. 

As  has  already  been  intimated,  our  concern  as  practical 
ophthalmologists  is  chiefly  with  the  aberration  as  occurring  on 
the  cornea,  or  regular  corneal  astigmatism.     It  is  for  this  con- 
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dition  that  we  may  prescribe  with  very  considerable  accuracy, 
and  great  benefit  and  relief  to  vision.  We  may  also,  as  will  be 
seen,  with  advantage  correct  to  some  extent  many  cases  of  ir- 
regular corneal  astigmatism. 

We  are  now  ready  to  consider  the  surface  of  the  cornea  with 
relation  to  its  refractive  points.  From  this  another  important 
classification  for  the  good  understanding  and  treatment  of 
astigmatism  is  drawn.  Thomas  Young,  who  may  be  considered 
the  real  discoverer  of  astigmatism,  found  the  maximum  of  cur- 
vature in  the  vertical  meridian  of  the  dioptric  system.  Since 
his  time,  it  has  been  demonstrated,  by  means  of  the  ophthal- 
mometer, that  this  is  also  (Helmholtz,  Donders)  true  of  the 
cornea.  It  maybe  laid  down  then  as  a  rule,  to  which,  however, 
there  are  exceptions.  It  is  from  this  rule  that  we  deduce  the 
classification  of 

1.  Astigmatism  with  the  rule. 

2.  Astigmatism  against  the  rule. 

When  we  say  astigmatism  with  the  rule,  we  mean  where 
the  greatest  axis  of  curvature  is,  as  Thomas  Young  so  long  ago 
proved  it  to  be,  in  the  vertical  meridian  or  approximating  this 
meridian.  When  it  is  in  the  horizontal  meridian  or  approxi- 
mating it,  it  is  against  the  rule.  When  it  is  at  an  angle  of 
45°,  it  is  neither  with  nor  against  the  rule. 

The  cornea  is  an  ellipsoid,  and  from  its  form  astigmatism 
is  produced  in  all  human  eyes.  It  only  is  to  be  determined  how 
much,  or  rather  how  little,  of  corneal  and  regular  astigmatism 
may  be  troublesome  enough  to  be  considered  abnormal.  As 
Donders  says,  it  is  established  by  the  foregoing,  not  only  that 
the  cornea  produces  astigmatism,  but  that  "even  if  the  crystal- 
line lens  has  an  influence  upon  it,  the  direction  given  to  it  in 
general  by  the  cornea  preponderates."  This  is  the  reason  that 
the  ophthalmometer,  wThile  it  can  only  measure  the  corneal 
astigmatism,  is  of  such  great  value. ' 

Irregular  astigmatism  belongs  largely  to  the  lens,  with 
polyopia  of  one  eye.  Donders  proved  this  by  examination  of 
eyes  without  the  lens  (aphakia)  when  all  the  phenomena  of 
irregular  astigmatism  are  removed. 


1  Bonders,  loc.  cit.,  p.  455. 
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Diagnosis. — The  diagnosis  of  considerable  degrees  of  astig 
matism  is  a  very  simple  matter.  It  may  be  determined  by 
testing  the  distance  at  which  tine  vertical  and  horizontal  lines 
are  respectively  seen.  The  great  majority  of  eyes,  as  shown  by 
Ponders,  see  vertical  lines  farther  than  horizontal  ones.  The 
clock-dial  test  (John  Green)  will  very  quickly  indicate  if  there 
be  a  high  degree.  With  the  aid  of  convex  and  concave  glasses 
we  may  soon  determine  its  axis,  and  pretty  accurately  its 
degree.  But  this  is,  of  course,  only  a  primitive  and  rude  test 
applicable  to  those  cases,  where  the  regular  astigmatism  consid- 
erably exceeds  that  which  obtains  in  all  persons  with  a  low 
degree  of  hypermetropia,  those  who  by  many  writers  are  con- 
sidered as  emmetropic.  Just  how  high  a  degree  of  astigmatism 
may  be  considered  abnormal  and  under  proper  circumstances 
worthy  of  correction,  has  not  been  generally  decided.  Ponders 
at  first  spoke  of  about  -^,  about  one  diopter,  as  being  worthy 
of  consideration,  but  he  afterward  made  his  standard  much 
higher  and  speaks  of  a  correction  of  ^g-,  or  0.50  diopters,  as 
being  well  worthy  of  correction.  He  insists  upon  the  measure- 
ment of  astigmatism  by  tests  at  the  far  point  of  vision,  and  he 
did  not  consider  Knapp's  statistics  as  of  value,  because  he  states 
they  were  taken  from  the  near  point. 

The  disturbances  of  vision  caused  by  astigmatism  of  a 
high  degree,  are  peculiar  and  considerable.  Until  our  general 
knowledge  of  the  defect,  many  persons  having  it  were  consid- 
ered to  be  hopelessly  defective  in  sight,  as  they  were  without 
cylindric  glasses.  Even  to-day,  in  places  remote  from  experts 
in  the  eye,  cases  are  constantly  found  of  people  suffering  from 
corneal  astigmatism  only,  who  have  lived  to  middle  life  without 
seeing  well,  who  are  almost  entirely,  and  in  some  cases  entirely, 
relieved  by  the  correction  of  astigmatism  by  means  of  cylindri- 
cal glasses.  Astigmatism  is  in  fact  more  frequent  in  the  ordi- 
nary hypermetropic  eye  than  it  is  in  myopic  eyes,  and  yet  those 
who  first  discovered  the  defect  in  their  own  eyes,  Thomas 
Young  and  Airy,  had  myopic  astigmatism,  and  Young  that 
very  rare  form,  lenticular,  unless  there  was  some  error  in  his 
observations,  which  has  as  yet  remains  undiscovered. 

From  the  investigations  of  Javal  and  Schotz,  and  myself.  I 
think  we  are  justified  in  saying  that  an  astigmatism,  corneal 
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of  course,  of  0.75  with  the  rule  is  usually  in  need  of  correction, 
if  any  asthenopia  occur,  while  even  25  D.  against  the  rule 
may  be  productive  of  very  annoying  disturbance  in  using  the 
eyes  for  the  near  point,  and  may  require  correction.  It  will  be 
remembered  that  in  astigmatism  with  the  rule,  or  according  to 
the  rule,  the  vertical  meridian  of  the  eye  is  of  the  greatest 
curvature.  A  positive  cylindrical  glass  placed  with  the  axis  at 
90°  will  correct  it,  and  in  myopia  a  concave  cylinder  with  the 
axis  at  180°.  It  may  be  necessary  to  remind  the  student,  that 
the  glasses  ground  to  correct  hypermetropia  are  from  a  sphere, 
spherical  glasses,  and  have  the  same  refractive  power  in  all 
meridians,  while  those  for  the  correction  of  astigmatism  are 
from  a  cylinder  and  have,  therefore,  one  meridian  that  is  a  plane 
surface  and  consequently  without  refractive  power. 

THE  DEGREE  OF  ASTIGMATISM  LIKELY  TO  PRODUCE  ASTHENOPIA. 

For  the  purpose  of  determining  what  degree  of  corneal 
astigmatism  would  be  likely  to  produce  asthenopia,  at  my 
request,  Dr.  A.  B.  Deynard,  one  of  my  staff  of  assistant  sur- 
geons at  the  Manhattan  Eye  and  Ear  Hospital,  examined  one 
hundred  eyes  of  persons  not  suffering  from  asthenopia,  with 
reference  to  the  existence  of  corneal  astigmatism.  The  results 
of  this  examination  confirm,  I  think,  the  opinions  that  astig- 
matism is  a  more  important  element  in  the  production  of  asthe- 
nopia than  hypermetropia,  and  that  we  may  now  enlarge 
Donders'  statement,  that  hypermetropia  was  at  the  bottom  of 
most  cases  of  asthenopia,  and  say  that  hypermetropic  astigma- 
tism, or  hypermetropia,  or  both  combined,  are  at  the  bottom  of 
most  cases  of  true  asthenopia. 

The  persons  examined  by  Dr.  Deynard  had  no  asthenopia, 
never  had  suffered  from  it,  and  we  should  not  on  a  priori 
grounds  expect  them  to  be  asthenopic.  They  had  a  low  degree 
of  corneal  astigmatism,  and  a  low  degree  of  hypermetropia. 
They  were  not  myopic.  They  had  normal  eyes.  Normal  eyes 
are  seldom  asthenopic. 

My  tables  confirm  the  rule  laid  down  by  Javal,  that  cor- 
neal astigmatism  need  not  be  corrected,  unless  it  exceed  0.50 
diopter,  and  they  also  indicate  what  we  have  long  known,  that 
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a  considerable  degree  of  hypermetropia  may  exist  without 
asthenopia.  In  my  judgment,  we  may  with  propriety  and  with 
great  advantage  to  accuracy  and  consequent  benefit  to  the 
patients,  abandon  all  other  methods  for  determining  astigma- 
tism,  except  in  very  rare  cases,  and  trust  entirely  to  the 
ophthalmometer.  In  the  few  exceptional  cases,  there  remains 
paralysis  of  the  ciliary  muscle  by  atropia  or  scopolamine,  and 
the  tests  with  glasses.  By  its  aid  and  a  set  of  test-cards  and 
correcting  glasses,  without  a  mydriatic,  without  retinoscopy, 
we  may  determine,  in  a  vast  majority  of  cases,  whether  or 
not  corneal  astigmatism  exists,  what  its  degree  and  axis 
are,  and,  moreover,  prescribe  glasses  which  will  be  entirely 
satisfactory. 

The  subtraction  of  half  a  diopter  for  the  neutralizing  action 
of  the  lens,  will  generally  give,  in  astigmatism  with  the  rule, 
the  degree  that  remains  for  correction,  and  as  Donders  stated 
in  1  s<i4,  in  the  English  language,  the  total  astigmatism  of  the 
dioptric  system  of  the  eye.1 

In  corneal  astigmatism  against  the  rule,  the  action  of  the 
lens  does  not  (whatever  it  may  be;  practically  lessen  the  astig- 
matism. It  must  then  be  fully  or  over-corrected  in  order  to 
relieve  the  symptoms. 

It  required  more  than  twelve  months  to  secure  a  hundred  subjects 
who  should  fulfil  the  indications  for  an  examination.  The  subjects 
were  obtained  chiefly  from  the  patients  in  the  aural  clinics  and  from 
the  physicians  attending  the  practice  of  the  Manhattan  Eye  and  Ear 
Hospital,  and  from  the  attending  and  home  staff.  It  is  hardly  nec- 
essary to  state  that  great  care  was  taken  to  make  the  examina- 
tions accurate.  They  were  very  often  repeated  and  subjected  to  an 
examination  from  another  observer  than  Dr.  Deynard,  when  he  felt 
an}'  doubt  as  to  the  fitness  of  the  subject  in  the  fulfilment  of  the  con- 
ditions for  examination,  or  as  to  the  readings  of  the  ophthalmometer. 
Nearly  every  one  of  the  subjects  had  f£  vision.  Many  had  f$.  The 
examinations  were  made  in  a  room  uniformly  lighted.  This  is  a 
standard  sufficiently  exact  for  ordinary  reference  and  work.  From 
my  point  of  view,  when  f-f  or  f£,  or  even  f-£  — ,  is  easily  and  fluently 
obtained  it  is  sufficient  vision  to  be  pronounced  normal.     I  do  not 

1  New  York  Medical  Record,  Nov.  16th,  1893. 
32 
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make  investigations  of  asthenopia  from  the  standpoint  of  the  patient 
having  ideal  vision,  or  that  which  the  most  far-seeing  eye  can  secure, 
but  rather  on  the  ability  to  use  the  eyes  without  fatigue  for  a  proper 
period  of  time,  this  being  coincident  with  §  §,  or  at  least  f#  — . 

The  general  table  is  first  presented.  Afterward  it  is  classified  in 
sub-tables,  and  an  analysis  made  of  its  results.  As  these  examina- 
tions were  intended  chiefly  to  estimate  the  corneal  astigmatism,  the 
examination  of  the  axial  refraction,  so-called,  was  made  by  the 
ophthalmoscope,  and  in  some  instances  by  the  use  of  convex  glasses. 
If  atropia  had  been  used,  or  complete  paralysis  of  accommodation 
had  been  secured  by  any  means,  undoubtedly  even  a  large  percentage 
of  hypermetropia  would  have  been  found.  With  the  examinations 
as  made  there  were  nine  who  had  no  hypermetropia.  The  corneal 
astigmatism  was  as  follows : 


A  Table   Showing  the  Corneal  Astigmatism  op  100  Persons,  with 
Normal  Vision  f§  or  fg — ,  and  without  Asthenopia. 
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Tablk  Showing  Corneal  Astigmatism  <>k  100  Persons— (Continued). 


Refrac- 

No. 

Age. 

Sex. 

Occupation. 

Vision. 

tion  by 
.  iphthal- 
moscope. 

Javal. 

it; 

37 

M. 

Physician. 

80 

So" 

1 
1 

25  90° 
25  90° 

IT 

20 

M. 

Clerk. 

3  n 
an 

•Ji, 

1 
1 

25  90 

25  '.ill 

18 

39 

M. 

Teamster. 

•J  II 
-Ml 

80 

'.Ml 

2 

2 

50  90° 
50  90° 

19 

30 

M. 

Physician. 

SO 

20 

7>T) 

1 
1 

Negal  ive. 
Negative. 

20 

32 

M. 

Sailor. 

20 
Tff 
20 
TO" 

1 
1 

I  mi 
1  mi 

21 

35 

M. 

Porter. 

20 
3(7 

20 

35" 

4 
3 

1  45 
Negative. 

22 

26 

M. 

Gardener. 

20 
TO 
20 
TO" 

1 
1 

1  90 

1  no 

23 

23 

F. 

Physician. 

2  0 

-M. 

20 
TO 

o 
2 

50  '.ill 
25  90° 

24 

F. 

Seamstress. 

2  0 

1?  20  75  90" 

20 
TO 

1 
1 

25  90° 
50  90 

25 

14 

M. 

Student. 

20 
TO 
80 

fg  20  50  90° 

3 
3 

1  90° 
50  90° 

2G 

33 

F. 

Stenographer. 

20 
TO 
20 
TO 

E. 
E. 

75  90° 
75  90° 

2  7 

17 

F. 

Silk-picker. 

20 

||  U  w.  50  180' 

2 
2 

1  90° 
50  90° 

28 

26 

F. 

Housewife 

2  0 

2  1. 

2  0 

TO" 

1 
1 

1   !)0 
1  90' 

29 

26 

M. 

Janitor. 

20 
TO 
20 
TO 

2 
2 

50  90° 
50  90° 

30 

16 

M. 

Student. 

20 
TO 
20 

|&  w.  50  90' 

2 
3 

50  90 
1.00  90° 

31 

40 

F. 

Housewife. 

20 

TO 
20 

5  'i 

2 
2 

50  90° 
50  90° 

32 

30 

M. 

Clerk. 

IS  20  —50  90° 
H  20-50  90° 

3 

Q 

O 

1.25  90° 
1.25  90 ' 

33 

18 

M. 

Student. 

20 
TO 
20 
¥0 

3 
2 

50  90° 
1.00  90° 

34 

23 

M. 

Fireman. 

20 
TO" 
20 
TO" 

E. 
E. 

1  90= 
1  90 

35 

21 

F. 

Housewife. 

• 

20 
TO 
8  0 

2^ 

3 
3 

2  90° 
2  90 

36 

19 

M. 

Student. 

20 

TO 
20 

TTi 

! 

50  90° 
50  90° 

37 

32 

F. 

Housewife. 

20 
TO 

H  20  25cy.  90' 

8  0 

20 

-,;;  20  25cv.  90" 

l 
l 

1  90' 
1  90' 

38 

-lu 

M. 

Physician. 

-Ml 

E. 

E. 

25  90° 
25  90° 

39 

29 

M. 

Mason. 

2  0 
SO 

2 

50  90° 

■-'  11 

TO 

2 

50  90° 
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Table  Showing  Corneal  Astigmatism  of  100  Persons— {Continued). 


Refrac- 

No. 

Age. 

Sex. 

Occupation. 

Vision. 

tion  by 
Ophthal- 
moscope. 

Javal. 

40 

30 

M. 

Physician. 

20 

||  w.  25  180° 

20 
21) 

1 

1 

50  180" 
50  180° 

41 

19 

F. 

Dressmaker. 

20 
TO" 
20 
TO" 

2 
2 

25  90° 

25  90 

42 

20 

F. 

Clerk. 

20 
20 
20 
TO" 

2 
2 

50  90° 
50  90° 

43 

28 

M. 

Physician. 

20 
TO" 
20 
T(T 

E. 
E. 

50  90° 
Negative. 

44 

28 

F. 

Housewife. 

20 

■.Mi 
20 
TO" 

1 
1 

1  90° 
1  90° 

45 

40 

F. 

Housewife. 

20 
TO" 
20 
TO" 

1 

1 

50  90° 
50  90° 

46 

25 

M. 

Physician. 

20 
TO" 
20 
TO" 

1 
1 

50  90° 
50  90° 

47 

21 

F. 

Teacher. 

20 
TO* 
20 
"JU 

2 
2 

1  90° 
1  90° 

48 

28 

F. 

Housewife. 

20 
TO" 
20 
TO" 

1 
1 

1.25  90° 
1.25  90° 

49 

21 

F. 

Waiter. 

20 
TO" 
20 

to 

2 
2 

Negative. 
•25  90° 

50 

25 

M. 

Physician. 

20 

20 
TO 

1 
1 

50  90° 
50  90° 

5>1 

21 

F. 

Housewife. 

f-g  no  glass. 

20 
To 

2 

2 

1  90° 
50  90° 

52 

19 

F. 

Housewife. 

20 
TO" 
20 
TO" 

2 
2 

1  90° 
1  90° 

53 

18 

F. 

Sewing. 

20 

20 

2  II 

1 
1 

Negative. 
50  90° 

54 

15 

M. 

Student. 

20 
20 
20 
TO" 

2 

2 

1  90° 
1.25  90° 

55 

19 

F. 

Student, 

20 
1  5 
20 
15 

1 
1 

Negative. 
Negative. 

56 

36 

M. 

Clergyman. 

20 
TO" 
20 
TO" 

1 
1 

25  180° 
Negative. 

57 

23 

F. 

Housewife. 

20 
20 

20 
3  0 

2 
2 

1  85° 
1  90° 

58 

23 

F. 

Housewife. 

20 
TO" 
20 
TO" 

2 
2 

1  90° 
1  90° 

59 

40 

M. 

Clerk. 

20 
TO 
2  0 

TO" 

1 
2  - 

Negative. 
Negative. 

60 

16 

F. 

Student. 

20 

'.■ii 
20 

"II 

1 
1 

1  90° 
1  90° 

61 

17 

F. 

Clerk. 

1  >       2  n 

K-    :'.  n 

%$vr.  1.90  cy. 

1          2(1 

u-  TTT 

fgw.  1.90  cv. 

2 
2 

2  90° 
2  90° 

62 

22 

F. 

Dressmaker. 

20 

II 

2 

1 

1  90° 
1  90° 

63 

25 

M. 

Clerk. 

2  11 

TO 
20 

LMI 

2 
2 

50  90° 
50  90° 

64 

18 

M. 

Clerk. 

20 
TO" 
20 

[J 

2  (1 

2 
2 

1  90° 
1  90° 

65 

14 

F. 

School. 

3 

3  105° 

2  11 
2  11 

3 

3  90 J 
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Tabi-k  Showing  Corneal  Astigmatism  of  100  Persons — (Continued). 


i  Refrac- 

No. 

Age. 

Sex. 

(  >«-<-ii| »:i ( ion 

Vision. 

1  i ion  by 
Opnthal 

Javal. 

25 

tnoscope. 

(Jff 

F. 

1  fousewife. 

ail 
•-'II 

1 

Negal  i\  e. 

•■!  II 
-'(1 

1 

Negative. 

G7 

40 

F. 

Housewife. 

8  0 

a  n 
•J  li 

1 

1 

25  90 

25  00 

68 

28 

M. 

Physician. 

an 

rs 

VII 

1 
1 

25  90 

25  oil 

(i!) 

30 

M. 

Physician. 

go 

an 
an 
an 

1 

1 

25  90 
25  90 

70 

15 

F. 

Clerk. 

20 

VII 

an 
25 

2 
2 

1  90 

1  90° 

71 

21 

F. 

Housewife. 

■.'ii 
an 
20 
21F 

1 
1 

1  90° 
1  90 

72 

28 

F. 

Housewife. 

an 

2  0 
20 
20" 

2 
2 

25  180° 
25  180° 

7:5 

10 

F. 

Housewife. 

20 
an 
20 
2D" 

2 
2 

50  90 
1.60  90° 

74 

40 

M. 

Physician. 

an 
an 
20 
an 

E. 
B. 

50  90° 
25  90° 

7.-» 

24 

F. 

Nurse. 

an 
25 

a  n 
an 

2 
2 

50  90° 
50  90° 

7G 

21 

F. 

Telegrapher. 

20 
25 
20 

2 

50  00 
50  90 

i  i 

30 

F. 

Dressmaker. 

20 
2TT 
20 
2~Tj 

50  90 

50  90" 

78 

21 

F. 

Housekeeper. 

20 
2TT 
20 
27f 

50  90 
50  90° 

7!) 

32 

F. 

Housewife. 

20 
20 

2ir 

1  180° 

50  180' 

80 

34 

M. 

Weaver. 

20 
25 
20 
2D 

o 
2 

25  90° 
25  90° 

81 

26 

F. 

Servant. 

2  0 
25 
20 
217 

2 
2 

2  90 

1.80  90° 

82 

25 

F. 

Dressmaker. 

20 

an 
an 
an 

1 

1 

1  90 
1  90° 

83 

11 

M. 

School. 

2  0 
2^ 
20 
2~5 

2 

o 

25  90° 
25  90 

84 

25 

M. 

Clerk. 

20 
2  0" 
20 
2U 

1 
1 

25  90° 
25  90° 

85 

22 

M. 

Driver. 

20 
25 

an 
an 

1 

1 

1.25  90° 
1.25  90° 

8(5 

20 

M. 

Bartender. 

20 
2TT 
20 

an 

2 
2 

50  90° 
50  90° 

87 

21 

F. 

Music  teacher. 

20 

an 
20 

1 
1 

1  75° 
1  90 

88 

27 

M. 

Clerk. 

20 
2^ 
20 
2^5 

2 
2 

50  90° 

oil   00 

89 

21 

M. 

Physician. 

20 
27) 
20 
2~5 

E. 
E. 

Negative. 
50  00 

90 

11 

M. 

School. 

20 

■n 

an 
an 

2 
2 

1   90 
1  90° 

ill 

40 

M. 

Bookkeeper. 

an 
271 
20 

an 

1 
1 

1   111) 
Negative. 

02 

40 

M. 

Car-driver. 

tv.  -on 

r      an 

ij-    a.  n 

fgw.  1.90' 

1 
2 



oil    !I0 
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Table  Showing  Corneal  Astigmatism  of  100  Persons— {Continued). 


No. 

93 
94 
95 

96 
97 
98 
99 
100 


Age. 

Sex. 

40 

M. 

18 

E. 

21 

F. 

24 

M. 

25 

M. 

32 

M. 

25 

F. 

19 

F. 

Occupation. 


Physician. 

Dressmaker. 

Housewife. 

Student. 

Physician. 

Physician. 

Singer. 

Dressmaker. 


(iw.  50c.  105' 


Refrac- 
tion by 
Ophthal- 
moscope. 


Javal. 


25  90° 

50  90° 

1  90° 

1  90° 

1  105° 
50  90° 

Negative. 

Negative. 
25  90° 
50  90° 
50  90° 
50  90° 
50  90° 
50  90° 
50  90° 
25  90° 


Table  of  those  Who  were  not  Found  to  be  Hypermetropic. 


No. 

Age. 

Sex. 

Occupation. 

Astigmatii 

,m. 

1 

40 

Female. 

Dressmaker. 

0.50 

90° 

2 

33 

Female. 

Stenographer. 

0.75 

90° 

3 

23 

Male. 

Fireman. 

1.00 

90° 

4 

38 

Male. 

Physician. 

25 

90° 

5 

28 

Male. 

Physician. 

R. 

L. 

E.   0.50 
E 

90° 
None. 

6 

40 

Male. 

Physician. 

R. 

L. 

E.   0.50 
E.    0.25 

90° 
90° 

7 

21 

Male. 

Physician. 

R. 

L. 

E 

E.    0.50 

None. 
90° 

8 

40 

Male. 

Physician. 

R. 
L. 

E.    0.25 
E.    0.50 

90° 
90° 

9 

25 

Female. 

Singer. 

0.50 

90 

It  will  be  seen  that  not  one  of  these  who  had  no  hypermetropia  by 
the  ophthalmoscope  were  without  corneal  astigmatism  at  least  in  one 
eye,  but  only  two  had  sufficient  corneal  astigmatism  (Cases  II.  and 
III.  of  the  sub-table)  to  require  correction.  One  had  1  diopter,  the 
other  f  of  a  diopter.  There  are,  then,  good  reasons  why  those  com- 
prising this  table  should  not  be  asthenopia  Without  hypermetropia, 
except  of  a  low  grade  at  the  very  most,  and  in  only  one  case  with 
astigmatism  of  a  degree  to  usually  warrant  correction,  it  would  be  a 
surprise  if  these  subjects  had  asthenopia  from  local  causes. 

Of  the  one  hundred,  five  had  no  astigmatism  in   either  eye.     All 
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of  these  were  hyperopia,  four  to  the  degree  of  one  diopter  and  one  to 
that  of  three  diopters. 

With  No  Astigmatism. 


No. 

Age. 

Sex. 

Occupation. 

Vision. 

Hyperopia. 

1 

30 

Male. 

Physician. 

SO        1 
■2TT 

1    1). 

2 

19 

Female. 

Student. 

£.0 

1    l>. 

:; 

40 

Male. 

Clerk. 

20 

R.  1   1). 
L.  2  I). 

4 

25 

Female. 

Housewife. 

so 
so 

1   1). 

5 

24 

Male. 

Student. 

so 

16 

3  1). 

As  far  as  this  table  indicates  anything,  it  shows  that  hyperme- 
tropia  of  itself  is  not  necessarily  a  cause  of  asthenopia.  The  one  case 
of  a  moderately  high  degree,  three  diopters,  was  that  of  a  student  of 
nineteen  j^ears  of  age.  She  may  yet  have  asthenopia  if  three  diopters 
of  hyperopia  be  sufficient  to  cause  it.  It  should  be  remembered  that 
all  these  subjects  were  questioned  not  only  as  to  having  asthenopia 
at  the  time  of  examination,  but  also  as  to  whether  they  ever  had  had 
an  attack  of  inability  to  continue  to  use  their  eyes  in  near  work. 

There  were  eight  who  had  astigmatism  in  one  eye  only. 

Astigmatism  in  Onk  Eye  Only. 


No. 

Age. 

Sex. 

Occupation. 

Vision. 

D. 

Astigmatism. 

1 

34 

M. 

Physician. 

20 
T5 

1  P. 

L.  E.  0.25    90° 

2 

35 

M. 

Porter. 

20 

3  D. 

R.  E.  1.00    45° 

3 

28 

M. 

Physician. 

20 

Sn 

None. 

R.  E.  0.50    90° 

4 

21 

F. 

Waitress. 

30 

2  1). 

L.  0.25    90° 

5 

18 

F. 

Seamstress. 

SO 

sn 

1  D. 

L.  E.  0.50    90° 

6 

36 

M. 

Clergyman. 

20 

1  D. 

R.  E.  0.25  180° 

7 

21 

M. 

Physician. 

2  0 

■2TT 

None. 

L.  E.  0.50    90° 

8 

40 

M. 

Bookkeeper. 

20 
^0" 

1  D. 

R.  1.00  110° 

No.  2  in  this  case  has  the  optical  conditions  to  cause  asthenopia. 
There  is  a  considerable  degree  of  hyperopia  (3  D.)  and  astigmatism 
in  one  eye,  of  one  diopter  axis  45°.  This  subject,  however,  has  an 
occupation  not  necessarily  involving  much  use  of  the  eyes  upon  near 
objects,  and  he  may  escape  until  he  is  presbyopic,  when  if  he  reads 
much  he  may  require  a  correction  of  his  astigmatism  in  one  e3~e  to 
be  comfortable;  but  if  he  reads  very  little  he  may  not  need  anything 
but  spherical  glasses. 

Another  of  this  table,  No.  8,  a  bookkeeper,  would  be  presumed  to 
require  correction  of  his  refractive  defect,  for  he  has  one  diopter  of 
hypermetropia  added  to  a  diopter  of  astigmatism,  the  latter  in  the 
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right  eye,  axis  110°.  The  remainder,  however,  I  do  not  think  would 
be  expected,  even  under  considerable  use  of  the  eyes,  to  have  asthe- 
nopia. 

Thirteen  had  less  than  half  a  diopter  in  both  eyes,  as  follows : 

Less  than  Half  a  Diopter  of  Astigmatism  in  Both  Eyes. 


No. 

Age. 

1 

25 

2 

11 

3 

34 

4 

40 

5 

28 

6 

30 

7 

28 

8 

40 

9 

23 

10 

37 

11 

20 

12 

25 

13 

31 

Sex. 


Male. 

Male. 

Male. 

Female. 

Male. 

Male. 

Female. 

Male. 

Male. 

Male. 

Male. 

Male. 

Male. 


Occupation. 


Clerk. 

Scholar. 

Weaver. 

Housewife. 

Physician. 

Physician. 

Housewife. 

Physician. 

Porter. 

Physician. 

Clerk. 

Physician. 

Physician. 


Vision. 


2TJ 

so 

Sli 


1  D. 

2  1). 
2  I). 
1  D. 
1  D. 

1  1). 

2  D. 
None. 

IB. 
1  B. 
IB. 
2B. 
1  B. 


Astigmatism. 


0.25 
0.25 
0.25 
0.25 
0.25 
0  25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 


90J 

90° 

90 

90 

90° 

90° 

90° 

90° 

90° 

90° 

90° 

90° 

90" 


Not  one  of  this  table  can  be  said  to  be  liable  to  asthenopia  from 
refractive  error,  unless  two  diopters  of  hyperopia,  which  four  of  the 
subjects  had,  are  thought  to  constitute  such  a  liability. 

Twenty  had  astigmatism  of  just  one-half  a  diopter  in  both  eyes. 


Astigmatism  of  One-half  a  Biopter  in  Each  Eye. 


No. 

Age. 

Sex. 

Occupation. 

Vision. 

Hypermetropia. 

1 

25 

Female. 

Singer. 

20 
T5 

None. 

2 

32 

Male. 

Physician. 

20 
02" 

1  B. 

3 

21 

Female. 

Telegrapher. 

20 

R.  2  B. 
L.  1  1). 

4 

39 

Female. 

Bressmaker. 

20 

1  B. 

5 

20 

Male. 

Bartender. 

20    . 

•■II 

2B. 

6 

27 

Male. 

Clerk. 

20 
■2TJ 

2  I). 

7 

25 

Male. 

Clerk. 

20 

2  B. 

8 

24 

Female. 

Nurse. 

20 

2B. 

9 

40 

Female. 

Housewife. 

20 
2TT 

1  D. 

10 

25 

Male. 

Physician. 

20 
■JIT 

1  1). 

11 

25 

Male. 

Physician. 

20 
2~1T 

1  D. 

12 

40 

Female. 

Housewife. 

80 

Jil 

2  1>. 

13 

19 

Male. 

Student. 

3  ii 
•-•II 

1  B. 

14 

29 

Male. 

Mason. 

VII 

■.•ii 

2  1). 

15 

30 

Male. 

Physician. 

20 

R.  :.';,  w.  25  180 

i     -in 

1 ' 

180° 
1  D.  ISO 

16 

20 

Female. 

Clerk. 

L>  II 
-'II 

2  D. 

17 

39 

Male. 

Teamster. 

80 

•Ml 

2  1). 

18 

26 

Male. 

Janitor. 

SO 

-Ml 

2  D. 

19 

13 

Male. 

Student. 

80 

in 

1  D. 

20 

40 

Female. 

Bressmaker. 

■■  ft 

None. 
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In  only  one  of  these,  No.  15,  a  physician,  was  the  axis  180°  (as- 
tigmatism against  the  rule).  Here  we  might  expect  asthenopia,  or 
at  least  if  it  occurs,  we  certainly  would  explain  it  by  the  existence  of 
half  a  diopter  of  astigmatism  against  the  rule.  In  none  of  the  other 
of  this  table  of  twenty  cases  should  we  expect  asthenopia.  The  as- 
tigmatism equalled  0.75  of  a  diopter,  as  follows,  in  two  subjects: 


No. 

Age. 

Sex. 

<  iccupation 

Vision. 

Hypermel  ropia 

Axis 
of  As. 

1 
2 

23 

33 

Female. 
Female. 

Seamstress. 
Stenographer. 

In 

20 
TS 

2D. 

None. 

90° 
90° 

Three-fourths  of  a  diopter  (axis  90°)  is  the  first  degree  of  corneal 
astigmatism  that  I  am  in  the  habit  of  correcting.  One  of  these 
patients  it  will  be  noted  had  two  diopters  of  hypermetropia. 

Twenty-five,  or  one-fourth  of  the  whole  number,  had  1  D.  of  as- 
tigmatism in  each  eye,  as  follows : 


No. 

Age. 

Sex. 

Occupation. 

1 

1-3 

F. 

Student. 

2 

26 

M. 

Waiter. 

3 

25 

F. 

Dressmaker. 

4 

18 

F. 

Dressmaker. 

5 

22 

M. 

Clerk. 

6 

32 

M. 

Sailor. 

7 

26 

M. 

Gardener. 

8 

26 

F. 

Housewife. 

9 

23 

M. 

Fireman. 

10 

32    J 

F. 

Housewife. 

11 

28 

F. 

Housewife. 

12 

19 

F. 

Housewife. 

13 

23 

F. 

Housewife. 

14 

23 

F. 

Housewife. 

15 

16 

F. 

Student. 

10 

22 

F. 

Dressmaker. 

17 

18 

M. 

Clerk. 

18 

15 

F. 

Clerk. 

19 

01 

F. 

Housewife. 

20 

•25 

F. 

Dressmaker. 

21 

24 

F. 

Music  teacher. 

22 

11 

M. 

Student. 

23 

18 

F. 

Dressmaker. 

24 

35 

M. 

Clerk. 

25 

21 

F. 

Teacher. 

Vision. 

Hypermetropia. 

ao 

■2U 

1 

D. 

20 

-  ii 

1 

D. 

20 

2~0 

1 

D. 

20 
20 

1 

D. 

n 

1 

D. 

n  . 

1 

D. 

n 

1 

D. 

20 
2TF 

1 

D. 

20 
2TT 

None. 

2"S 

1 

D. 

20 
2Tf 

1 

D. 

To~ 

2  D. 

20 
2~5 

2 

I).,  R.  E. 

85° 

20 
TO" 

2 

D. 

20 

1 

D. 

20 
TG 

R.  E. 

2 

D. 

L.  E. 

1 

D. 

20 

To~ 

2 

D. 

20 
2~5 

1 

D. 

20 
TS 

1 

1). 

20 

J  li 

1 

D. 

20 

1 

D.,  R.  E. 
L.  E. 

75° 
90° 

20 
2~T> 

2 

D. 

20 

1 

D. 

20 
TG 

1 

D. 

20 

sir 

2 

D. 

Iii  this  table  the  sjmimetry  of  the  conditions  is  interesting.  The 
axis  was  90°  in  all  of  the  cases  but  two.  In  one  eye  of  one  of  these, 
it  was  85°.     In  one  of  the  others  it  was  75°.     The  hypermetropia  also 
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was  one  diopter  in  two-thirds  of  the  subjects.     In  one  case  there  was. 
none.     In  seven  cases  it  was  two  diopters. 

In  four  of  the  subjects  the  corneal  astigmatism  was  more  that 
one  diopter  in  both  eyes,  as  follows : 


No. 

Age. 

Sex 

Occupation. 

Vision. 

H. 

Axis. 

1 

30 

Male. 

Clerk. 

20 

3  D. 

1.25 

o 

28 

Female. 

Housewife. 

20 

1  D. 

1.25 

3 

14 

Female. 

Student. 

20 
TO 

3  D. 

3.00     105° 
90° 

4 

'22 

Male. 

Driver. 

20 

"2TT 

1  D. 

1.25 

No  doubt  the  third  one  of  the  table,  who  was  one  of  fourteen  other 
students  examined,  if  she  remains  a  student  or  in  any  occupation  re- 
quiring close  use  of  her  e37es,  will  require  glasses,  for  she  has  three 
diopters  of  astigmatism,  added  to  three  diopters  of  hyperopia.  The 
others  may  easily  escape  the  need  of  correction  of  the  astigmatism, 
until  presbyopia  comes  upon  them. 

In  twenty-six  of  the  subjects  the  eyes  of  the  same  subject  differed 
in  the  degree  of  astigmatism  as  follows : 


No. 

Age. 

1 

34 

2 

32 

3 

35 

4 

23 

5 

6 

7 

24 

17 

8 

16 

9 

18 

10 

19 

11 

12 

21 

13 

21 

14 

18 

15 

15 

Sex. 


Male. 

Male. 

Male. 

Female. 

Female. 

Male. 
Female. 

Male. 

Male. 

Female. 

Male. 

Female. 

Female. 

Female. 

Male. 


Occupation. 


Physician. 
Bricklayer. 
Porter. 
Porter. 

Seamstress. 

Student. 
Silk-picker. 

Student, 

Student, 

Dressmaker. 

Physician. 

Waitress. 

Housewife. 

Seamsi  ress. 

Student, 


Vision. 


Axis. 


1  D. 
ID. 
4D. 

2  D. 

1  D. 

3D.. 
2D. 


1  D. 


2  D. 
3D. 
3D. 

2  D. 

None. 

2D. 

2D. 

1  D. 

2D. 


R.   None. 

L.  0.25 

R.  1  D. 

L.  1  50 

R.  1  D. 

L.  None. 

R.  0.50 

L.  0.25 

R.  1.25 

L.  0.50 
1.25 

R.  1.00 

L.  0.50 

R.  0.50 

L.  1  D. 

R.  0.50 

L.  1  D. 

R.  0.25 

L.  0.50 
o  50 
None. 

R.  None. 

L.  0.25 

R.  1  1). 

L.  0.50 

R.  None. 

L.  0.50 

R.  l.oo 

L.  1.25 


45° 
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No. 

Age. 

I'i 

30 

17 

1!) 

18 

40 

1!) 

82 

20 

26 

21 

21 

22 

40 

23 

40 

24 

21 

25 

25 

2G 

19 

Sex. 
Male. 

Female. 
Male. 
Female. 
Female. 

.Male 
.Male. 
Male. 
Female. 

■Male. 

Female. 


(  )ccii|i:iti(in. 


Vision. 


( Jlergyman. 
Housewife. 
Physician. 
Housewife. 

Servant. 

Physician. 

Bookkeeper. 

Physician. 

Housewife. 

Physician. 

Dressmaker. 


■Ml 

20 
3TT 


1  1). 

2  I). 
None, 

1  I). 

2  I). 
2  1). 

1  I). 
None. 

2  D. 

1  D. 

2  1). 


Axis. 


iso- 
iso 


R.  0.25     180 
L.   Nunc. 
K.  0.50 
L.  1  I). 
R.  0.50 
L.  0.25 
H.  1. 00 
L.  0.50 
R.  2.00 
L.  1.50 
R.  None. 
L.  0.50 

R.  1.00  110 
L.  None. 
R.  0.25 
L.  0.50 
R.  1.00 
L.  0.50 
R.  0.25 
L.  0.50 
R  0.50 
L.  0.25 


105 
-Hi 


The  analysis  of  this  table  shows  that  eight  were  under  twenty 
j-ears  of  age,  so  that  their  danger  from  asthenopia  is  by  no  means 
past.  The  axis  of  astigmatism  was  90°  except  in  four  cases.  In 
one  it  was  against  the  rule  on  both  sides,  or  axis  180°. 

It  is  seen  at  a  glance  that  thirteen  of  the  one  hundred,  namely, 
the  two  waiters,  the  bricklayer,  the  two  porters,  the  gardener,  the 
janitor,  the  fireman,  the  mason,  the  bartender,  the  car-driver,  the 
sailor  and  teamster,  had  occupations  that  did  not  necessarily  or 
probably  involve  any  use  of  the  eyes  on  fine  or  near  objects.  Un- 
doubtedly such  subjects  have  immunity  from  asthenopia,  as  com- 
pared with  persons  like  the  others  of  the  total  number,  who  must  of 
necessity  use  their  accommodative  power  very  considerably,  and  in 
the  case  of  seamstresses  and  dressmakers  generally  beyond  proper 
limits;  but  it  never  should  be  forgotten  that  sound  eyes,  like  other 
sound  organs,  are  the  better  for  iise. 

I  should  have  much  preferred  to  make  these  examinations  only 
upon  persons  of  the  age  of  at  least  twenty-live  j*ears.  The  school- 
children in  the  list  are  not  so  good  observers  as  to  the  existence  of 
asthenopia,  nor  can  they  be  said  to  be  beyond  the  danger  of  it,  until 
they  have  come  to  years  when  study,  seriously  and  for  several  con- 
tinuous hours,  is  habitual.  But  it  is  very  difficult  to  secure  even  the 
class  I  have  found  with  closer  discrimination  than  Dr.  Deynard  has 
made.  We  have  therefore  made  this  presentation  as  a  fair  beginning 
only  of  a  line  of  investigation  which  promises  considerable  addition 
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to  our  knowledge  of  the  normal  refraction  of  the  eye.  This  table 
adds  to  the  already  overwhelming  evidence  that  emmetropia  is  an 
ideal  condition.  It  is  doubtful  if  the  use  of  atropia  would  have  left 
one  case  of  the  general  table  that  was  neither  hypermetropic  in  the 
axis  of  the  eye  or  in  the  cornea.  Negatively,  the  fact  that  the  larger 
proportion  of  these  had  not  the  condition,  that  is  to  say,  a  consider- 
able degree  of  astigmatism,  that  would  lead  us  to  expect  asthenopia, 
were  it  uncorrected,  while  nearly  all  had  hypermetropia,  and  of  a  de- 
cided degree,  leads  us  to  believe  that  hypermetropia  is  not  a  powerful 
factor  in  producing  asthenopia,  and  that  Donders'  teaching  remains 
true,  that  one  to  two  diopters  are  readily  overcome  in  youth. 

I  consider  in  analzying  the  table  of  one  hundred  that  eleven  had 
optical  conditions  that  would  generally  be  considered  sufficient  to  ac- 
count for  asthenopia  did  it  occur. 

Occupations. 


Physicians 18 

Students 13 

Dressmakers  or  Seamstresses. ...     12 

Clerks 12 

Stenographer 1 

Silk-picker 1 

Telegrapher 1 

Music-teacher 1 


Teacher 

Singer 

Weaver  .... 
Bookkeeper 
Clergyman  . 


Total 64 


The  above  table  may  be  said  to  comprise  those  who  have  asthenopic 
occupations. 

NON-ASTHENOPIC    OCCUPATIONS. 


Nurses 2 

Waiters 2 

Bricklayer 1 

Porters 2 

Teamsters 2 

Sailor 1 

Gardener 1 

Janitor  1 


Fireman .  . . 
Mason . 
Bartender . 
Car- driver. 
Servant  . . . 


Total 36 


Donders  is  sometimes  erroneously  quoted  as  saying  that  ,'(1 
■ — about  a  diopter — of  astigmatism  may  be  considered  normal,  but  he 
says  exactly  the  reverse  of  this,  for  example :  "  If  it  (corneal  astig- 
matism) amount  to  -^  or  more,  it  must  be  considered  as  abnormal." 
Then  again  he  is  more  emphatic  (on  page  512)  :  "Boundaries  be- 
tween normal  and  abnormal  astigmatism  do  not  exist  when  it  attains 
the  degree  of  ■£$  (1  diopter).  I  have  called  it  abnormal  because  the 
disturbance  of  vision  is  of  that  nature  that  cylindrical  glasses  are  de- 
si  rable  for  its  improvement,  but  otherwise  it  is  evident  that  the  limit 
I  have  fixed  upon  is  rather  arbitrary.  With  much  slighter  degrees 
the  acuteness  of  vision  is  no  longer  perfect." 
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Donders  then  goes  on  to  show  that  an  astigmatism  in  his  own 
eyes  of  about  ,,',„  whs  capable  of  being  improved  by  cylindrical 
glasses.  He  criticises  Knapp's  standard  of  normal  astigmatism  as 
being  too  high.  He  also  says  that  of  forty  to  fifty  eyes  one  at  least 
is  disturbed  in  its  functions  by  astigmatism.  With  his  exact  knowl- 
edge of  the  frequency,  the  axis  of  greatest  curvature,  the  degree  of 
what  constitutes  an  abnormal  astigmatism,  Donders  marked  out  the 
road  on  which  many  of  us  are  now  travelling;  that  is  to  say,  that  as- 
tigmatism, and  not  hyperopia,  is  the  dominant  cause  of  asthenopia, 
important  as  is  the  axial  length  of  the  eyeball  in  one  respect,  the 
acuity  of  vision,  in  the  production  of  asthenopia,  the  corneal  astig- 
matism is  more  important.  I  do  not  claim  that  this  is  Donders5 
teaching.  He  did  not  know  of  the  frequenc}T  of  astigmatism  of  a 
considerable  degree.  He  could  not  then  teach  this.  It  was  his  idea 
that  hypermetropia  was  at  the  bottom  of  most  asthenopia;  but  I  do 
claim  that  this  doctrine,  with  our  increased  facility  in  determining 
the  degree  of  astigmatism,  is  legitimately  deduced  from  the  principles 
that  he  laid  down  in  discussing  astigmatism.1 

Donders  is  very  clear  on  the  subject  of  the  lessening  of  the  corneal 
astigmatism  by  the  lens.  He  thinks  that  occasionally  the  lens  may 
increase  the  corneal  astigmatism,  but  commonly2  it  diminishes  it. 
He  says  that  the  lens  ma}7  take  part  in  astigmatism  in  two  ways 
"  by  the  form  of  curvature,  and  by  an  oblique  position."  Those  who 
lightly  estimate  the  ophthalmometer  as  a  means  of  determining  the 
degree  and  axis  of  astigmatism  are  constantly  speaking  of  this  action 
of  the  lens,  as  if  it  were  something  that  cannot  be  estimated,  and 
which  destroys  the  value  of  the  readings  of  the  Javal  and  Schiotz  in- 
strument. The  measurement  of  thousands  of  eyes  by  the  ophthal- 
mometer in  the  hands  of  Javal  and  his  followers  has  demonstrated 
the  truth  of  Donders'  statement  that  the  lens  commonly  lessens  cor- 
neal astigmatism — and  this  is  a  recent  observation — by  about  one- 
half  a  diopter  when  the  axis  is  90°,  while  none  at  all  when  the  axis 
is  180°  in  hypermetropic  eyes,  and  90°  in  myopic.3 

1  am  hardly  able  to  comprehend  the  state  of  mind  of  a  writer 

1  In  a  paper  upon  the  asthenopia  of  astigmatic  individuals,  Dr.  George  T. 
Bull,  of  Paris,  formerly  of  New  York,  read  before  the  French  Ophthalmological 
Society,  states  his  belief  that  asthenopia  is  most  frequent  in  astigmatism  direct 
(according  to  the  rule) ,  and  in  mixed  astigmatism.  He  classified  astigmatism 
as  direct,  inverse,  oblique,  and  mixed. — Comptes  Rendus  de  la  Societe  Francaise 
d '  Ophthalmologic 

2  Loc.  cit.,  p.  131. 

3  The  preceding  is  an  extract  from  my  paper,  in  the  Medical  Record,  Nov. 
26th,  1892. 


610  ASTIGMATISM. 

upon  ophthalmology,  who  objects  to  the  ophthalmometer  because  it 
is  rather  expensive.  "  J  aval's  optometer,  although  affording  a  simple 
and  trustworthy  means  of  calculating  the  amount  of  astigmatism, 
has  the  disadvantage  of  being  expensive."  '  This  is,  indeed,  true, 
since  it  costs  about  seventy-five  dollars,  but  a  case  of  lenses  is  also 
expensive,  and  the  instruments  for  operating  upon  the  eye  are  expen- 
sive. If  the  ophthalmometer  is  as  important  an  instrument  as  the 
present  writer  believes  it  to  be,  even  if  it  cost  tenfold  what  it  now 
does,  it  would  certainly  be  indispensable  in  the  practice  of  ophthal- 
mology. 

5  Beny  :  "Diseases  of  the  Eye,"  American  edition,  Philadelphia,  1893. 
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There  are  many  refraction  cases  where  we  could  accomplish 
more  for  our  patients  than  we  do,  did  they  have  the  requisite 
patience  to  adapt  themselves  to  what,  for  a  few  days,  may  be 
rather  trying  conditions.  Such  a  case  is  one  I  am  treating 
while  these  pages  are  passing  through  the  press. 

A  lady  of  57  years  of  age,  very  well  preserved  for  her  years,  has 
myopic  astigmatism  in  the  left  eye,  amounting  to  3  D.  against  the 
rule.  With  that  e}'e  she  is  still  able  to  read  without  a  glass,  but 
she  has  considerable  asthenopia.  In  the  fellow-eye  she  has  hyper- 
metropic astigmatism  of  "2\  D.,  also  against  the  rule.  With  this  eye 
she  cannot  read,  but  she  has  tolerably  good  vision  at  a  distance 
without  a  glass,  that  is  to  say,  £#.  I  can  adjust  a  glass  to  the  left 
e}~e,  that  is,  a  convex  cylindrical,  with  which  she  can  read  from 
seven  to  twelve  inches,  while  in  the  other  eye,  I  can  bring  the  vision 
up  to  f$  with  a  spherical  and  cylindrical  glass  combined.  Although 
she  complains  bitterly  of  asthenopia,  she  is  not  willing  to  make  a  fair 
trial  of  the  glass  for  reading,  and  also  the  glass  for  the  distance, 
because,  as  she  states,  immediately  after  the  trial :  "  Why,  I  can  read 
without  a  glass  with  that  eye,  and  I  can  see  pretty  well  at  a  distance 
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with  the  other  eye  without  one."  I  am  persuaded  that  with  a  little 
trial  she  would  be  able  to  use  both  eyes,  but  she  has  become  accus- 
tomed to  her  sight  as  it  is,  and,  although  she  seeks  advice,  she  has 
not  the  courage  to  take  it. 

DIAGNOSIS. 

For  those  who  have  no  ophthalmometer,  the  diagnosis  must 
still,  if  exact,  be  made  by  means  of  a  mydriatic.  I  insisted  upon 
the  importance  of  using  atropia  before  the  ophthalmometer  was 
perfected,  in  various  papers,  which  I  may  claim  contributed 
somewhat  toward  the  general  adoption  of  the  method  in  this 
country.  I  have  not  changed  my  opinion  that  a  mydriatic, 
in  the  absence  of  a  practical  instrument  for  measuring  the 
cornea,  is  essential,  but  I  have  entirely  abandoned  it  since  I 
had  a  good  knowledge  and  experience  of  the  usefulness  of 
the  method  I  now  adopt.  It  is  also  practised  by  my  staff 
in  the  Manhattan  Ear  and  Eye  Hospital.  The  method  of 
paralysis  of  the  accommodation,  by  means  of  a  mydriatic,  is  a 
certain  one,  and  will  furnish  excellent  results  in  fitting  glasses, 
but  it  is  extremely  irksome  and  trying  to  the  patient,  and  at- 
tended by  a  slight  degree  of  danger  to  the  general  health.  The 
use  of  homatropine  is  thought  by  many  to  be  equally  efficient,  and 
not  so  troublesome  to  the  patient,  but,  granting  all  this,  it  is 
much  inferior  to  the  method  with  the  ophthalmometer. 

In  persons  of  forty  years  or  over,  a  diagnosis  of  astig- 
matism may  be  made,  and  its  correction  accomplished  by  the 
aid  of  the  test-types  and  glasses  alone.  I  never  practised  nor 
have  I  recommended  any  use  of  atropia,  or  any  other  mydriatic, 
for  the  determination  of  the  refraction,  in  persons  of  this  time 
of  life.  I  have  always  deplored  the  unnecessary  use  of  such  a 
trying  agent  in  those  cases.  The  accommodation  is  sufficiently 
at  rest  if,  when  the  age  of  forty  is  passed,  vision  is  adjusted  for 
infinite  distance,  without  the  use  of  any  paralyzing  agent.  I 
cannot  too  strongly  argue  against  the  use  of  a  mydriatic  in  such 
cases  as  unnecessary,  although  advocated  by  certain  writers, 
who  have  a  high  idea  of  the  influence  of  the  refraction  of  the 
eye,  upon  certain  neuroses  such  as  chorea  and  epilepsy. 

Tn  the  earlier  days  of  the  study  of  astigmatism,  great  stress 
was  laid  by  all  experts,  upon  the  use  of  the  various  tests  with 


DIAGNOSIS — EXAMINATION.  513 

dials  (Green),  letters  made  up  of  vertical  and  horizontal  stripes 
(Pray).  They  were  most  instructive  and  useful  in  the  early 
days,  and  added  much  to  the  facility  of  studying  what  was  then 
a  newly  discovered  science,  but  I  had  for  years  found  that  a 
good  set  of  test-types  answered  all  the  purposes  of  the  tests 
with  vertical  and  horizontal  stripes,  as  did  other  oculists. 
Still  authorities  of  deservedly  high  repute  use  them,  but  I  urge 
my  readers  to  give  them  up,  or  not  to  begin  with  them,  as 
being  entirely  unnecessary.  Our  work  is  greatly  simplified  by 
omitting  to  use  them.  When  a  scientific  work  becomes  thor- 
oughly understood,  it  is  always  made  simpler. 

The  reason  that  the  test  with  ordinary  letters  is  sufficient  is 
the  following.  All  letters  are  made  up  of  vertical  and  horizontal 
lines,  and  a  patient  with  astigmatism  of  any  considerable  degree 
is  soon  found  to  stumble  over  certain  of  them,  while  he  pro- 
nounces others  easily.  He  will  be  apt  to  miscall  the  letters 
which  are  made  up  predominantly  of  vertical  or  horizontal 
stripes,  according  to  his  astigmatism.  I  am,  therefore,  in  the 
habit  of  noting,  after  examination,  if  the  patient  read  fluently, 
calling  all  letters  equally  well,  or  if  he  miscalled.  If  the  latter 
occurs,  I  regard  it  as  indicative  of  the  existence  of  astigmatism. 

Consequently  I  taught  my  pupils,  that  it  is  a  circumstance 
indicating  astigmatism  when  a  patient  is  able  to  read  f$  or 
f$  after  a  fashion,  but  who  hesitates  and  finally  miscalls  cer- 
tain letters. 

EXAMINATION. 

It  is  well  to  be  as  objective  as  possible  in  all  our  examina- 
tions of  the  body — to  rely  as  little  as  possible  on  the  subjective 
ideas  of  the  patient.  A  test  of  the  visual  power,  however  care- 
fully conducted,  is  a  subjective  observation,  while  that  with  the 
ophthalmometer  and  the  ophthalmoscope  may  be  considered  ob- 
jective. 

With  a  little  practice  with  the  ophthalmometer,  retinoscopy 

also  becomes  of  very  little  value.     Loring  never  considered  it  of 

any  importance,  as  I  have  shown  in  an  earlier  chapter.     Much 

and  complicated  apparatus  is  always  an  index  of  impracticable 

knowledge.     Retinoscopy  consumes   much   time,  it  is  a  more 
33 
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subjective  method  than  that  of  measuring  the  curvature  of  the 
cornea,  that  is  to  say,  it  leaves  considerable  to  the  judgment  of 
the  observer,  as  to  the  number  of  the  glass  that  corrects  the 
error,  and  is  only  of  certain  value  when  the  eye  is  under  the 
influence  of  a  mydriatic.  This  latter  is  just  what  the  use  of 
the  ophthalmometer  avoids. 

I  can  hardly  sufficiently  condemn,  as  illogical  and  useless, 
the  plan  of  using  the  ophthalmometer,  and  then  verifying  its 
readings  by  the  use  of  atropia  and  retinoscopy.  This  is  as  if  a 
mariner,  after  having  made  a  good  observation  with  the 
sextant,  declined  to  record  his  latitude  until  he  had  verified  it 
by  dead  reckoning.  Even  the  use  of  test-glasses  in  many 
cases,  of  which  an  example  is  here  given,  as  a  type  of  a  large 
number,  may  be  dispensed  with,  if  we  have  satisfied  ourselves 
by  a  careful  ophthalmoscopic  examination  that  no  lesion  exists 
in  the  fundus,  lens,  or  vitreous,  and  the  test-cards  show  f^  or 
more  to  express  the  distant  vision. 

If  a  young  patient  complains  of  asthenopia,  and  the  vision 
is  f -j}  or  -f-§-,  as  is  often  the  case,  we  may  immediately  examine 
such  a  person  with  the  ophthalmometer.  If  we  find  that  there 
is  corneal  astigmatism,  with  the  rule,  of  one  diopter,  we  may 
safely  prescribe  a  glass  of  0.50  D.,  axis  90°,  without  any  testing 
of  the  eyes.  If  the  vision  be  as  has  just  been  mentioned,  and 
there  be  astigmatism  of  1^  diopters,  with  the  rule,  we  may 
prescribe  a  glass  of  0.75,  without  subjective  testing  with  glasses 
and  cards.  A  young  person  with  normal  distant  vision,  will 
very  often  accept  concave  glasses  in  preference  to  convex,  and 
he  will  probably  not  know  the  difference  between  the  distant 
vision,  with  a  glass  of  half  a  diopter,  axis  90°,  or  with  the  same 
glass,  axis  180°. 

Subjective  examination  by  test-cards,  has  been  carried  alto- 
gether to  too  great  an  extent  by  practitioners.  Patients  soon 
contradict  themselves,  for  the  simple  reason  that  there  is  so  little 
difference  in  the  perceptive  power  with  weak  convex  or  concave 
glasses,  that  very  few  people  can  be  relied  upon  to  give  cor- 
rect answers.  But  if  the  ophthalmometric  readings  are  posi- 
tive, the  practitioner  will  save  much  time,  and  be  more  correct 
in  his  prescriptions,  if  he  will  rely  upon  them  alone. 

The  author  has  been  subjected  to  some  criticism  on  account 
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of  his  so-called  exalted  ideas  of  this  exclusive  value  of  the 
ophthalmometer.  In  answer  to  this,  I  may  reply  that  I  do  not 
attach  any  more  value  to  its  markings  than  did  Donders,  with 
the  original  instrument  of  Helmholtz,  and  he  placed  it  next  to 
the  ophthalmoscope  in  importance  to  ophthalmology.  In  addi- 
tion to  the  great  scientific  revelations  of  one  of  the  fathers  of 
ophthalmology,  we  in  our  time  have  been  able  by  the  aid  of  the 
practical  instrument,  on  lines  laid  down  by  Donders,  to  largely 
expand  the  domains  of  exact  knowledge  in  a  science  that  after 
the  invention  of  the  ophthalmoscope,  easily  held  the  first  rank 
for  accuracy  of  investigation.  The  student  of  ophthalmology 
who  will  patiently  learn  to  use  Helmholtz's  second  discovery, 
and  who  is  able  to  make  intelligent  deductions  from  it,  will  find 
his  work  much  more  easy,  much  more  pleasant,  and  much  more 
exact,  than  it  was  when  we  had  no  such  means  for  the  diagnosis 
of  corneal  astigmatism.  He  will  not  be  at  all  surprised  at  the 
enthusiasm,  that  exists  among  those  who  have  been  entirely 
released  from  the  subjective  and  tiresome  methods  of  the  use  of 
mydriatics  and  the  practice  of  retinoscopy.  The  diagnosis  of 
astigmatism  by  means  of  the  ophthalmoscope,  although  it  may 
be  made,  becomes  also  of  no  importance,  except  in  cases  of  len- 
ticular astigmatism,  when  of  course  the  ophthalmometer  will 
give  no  sign. 

It  is  usually  assumed,  and,  I  believe,  with  correctness,  that 
corneal  astigmatism  does  not  change  materially  as  life  goes  on. 
Especially  is  this  true  of  hyperopic  astigmatism,  but  there  are 
authentic  cases  on  record  which  indicate  that,  in  a  certain  pro- 
portion, even  hypermetropic  astigmatism  advances,  that  is  to 
say.  the  curvature  of  the  cornea  changes  and  without  producing 
conical  cornea. 

As  observations  with  the  ophthalmometer  continue  to  be 
made,  I  have  no  doubt  we  shall  be  able  to  settle  this  question 
of  the  frequency  of  the  increase  of  corneal  astigmatism. 

On  January  26th,  1889,  I  saw  a  girl  of  seventeen,  who  was  suf- 
ering  from  asthenopia.  Her  eyes  were  put  under  the  influence  of 
atropia,  and  she  was  found  to  have  a  total  astigmatism  in  the  right 
eye  of  0.75  D.  at  90°  and  in  the  left  0.25  D.  at  90°.  Nearly  two  years 
afterward  she  was  examined  by  the  ophthalmometer,  and  was  found 
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to  have  If  of  a  diopter  of  astigmatism  with  the  right  eye,  and  1^  in 
the  left,  and  accepted  1  D.  in  the  right  and  f  D.  in  the  left. 

I  do  not  adduce  this  case  as  a  positive  one  of  increase  of  cor- 
neal astigmatism,  but  it  certainly  may  be  one. 

Dr.  Theobald  '  reports  three  cases  in  which  it  was  supposed 
that  corneal  astigmatism  had  increased.  In  his  first  case,  atro- 
pine was  used  in  the  first  examination,  and  after  three 
years  the  astigmatism  had  increased  from  ^  in  each  eye,  to  y1^. 
The  second  case  was  examined  without  atropia  in  the  beginning, 
and  I  do  not  think  it  can,  therefore,  be  considered  in  this  cate- 
gory, because  it  was  never  positively  known  what  the  corneal 
astigmatism  was  at  the  first  examination.  This  is  also  true  of 
Theobald's  third  case. 

Dr.  George  J.  Bull,  of  Paris,  also  reports  a  similar  case.  It  is 
that  of  a  child,  a  patient  of  Javal's,  who  had  convergent  strabismus 
of  the  left  eye.  Dr.  Bull  states  that  in  January,  1887,  he  examined 
the  two  eyes  with  the  ophthalmometer,  and  he  found  astigmatism 
of  0. 75  D.  of  the  two  eyes,  the  meridian  of  greatest  refraction 
being  exactly  vertical,  and  he  noted  the  fact  that  in  the  right  eye 
the  astigmatism  was  not  more  than  0.50  D.  After  the  use  of 
atropine,  Javal  found  hypermetropia  of  2.50  D.,  the  only  evidence  of 
astigmatism  of  the  right  eye,  being  given  by  the  ophthalmometer. 
One  month  after  the  condition  Avas  the  same,  and  in  June  of  the 
same  year  there  was  no  subjective  astigmatism.  In  November, 
1887,  being  examined  anew  with  the  ophthalmometer,  Dr.  Bull  noted 
an  astigmatism  of  three-fourths  of  the  two  sides.  In  July,  1889,  the 
child  having  often  complained  that  she  could  not  see  well  with  the 
right  eye,  Dr.  Bull  measured  it  anew,  and  found  in  the  left  cornea 
an  astigmatism  of  1.25  and  on  the  right  2.75.  He  was  very  much 
surprised  at  this  augmentation,  \  D.  of  the  left  eye,  and  2  D.  of  the 
right.  He  examined  the  refraction  with  glasses,  without  atropine, 
and  he  found  the  left  eye  emmetropic  and  the  right  with  an  astig- 
matism of  2  D.  The  cylindrical  glass  produced  great  improvement 
in  the  vision  for  far  and  for  near.  Javal  examined  the  patient  inde- 
pendently, and  with  the  same  result  as  Dr.  Bull.  The  child  and  its 
mother  stated  positively,  that  only  for  a  few  months  had  they  per- 
ceived any  change  in  the  right  eye.  As  Dr.  Bull  says,  it  is  not  pos- 
sible that  he  should  have  made,  after  three  examinations  in  succes- 

1  Transactions  of  the  American  Ophthalmological  Society,  lHSo,  p.  2i). 
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sion,  a  mistake  of  2  D.  with  the  ophthalmometer,  and  that  Javal 
should  have  made  the  same  mistake,  and  that  under  atropine  such  a 
decree  of  astigmatism  should  have  escaped  attention.  He  is,  there- 
fore, bound  to  believe  that  there  was  a  great  increase  of  the  astigma- 
tism, very  difficult  to  explain  with  our  present  knowledge  of  the 
etiology  of  astigmatism. 

It  does  not  seem  to  me  that  these  cases  are  as  difficult 
of  explanation,  in  the  light  of  Dr.  Emerson's  case  quoted  in 
discussing  conical  cornea,  as  Dr.  Bull  intimates.  The  increase 
in  the  astigmatism  depends  on  a  stretching,  thinning  of 
the  cornea,  and  also  means  an  approximation  toward  conical 
cornea. 

Loring  found  in  the  observation  of  the  light  streak,  the  best 
test  by  the  ophthalmoscope  of  the  existence  of  astigmatism.  The 
streak  loses  its  brilliancy  and  its  lateral  borders  lose  their  sharp- 
ness of  definition ;  a  vessel  there,  especially  a  small  one,  becomes 
out  of  focus  even  to  a  very  slight  degree.  He  claimed  that  as 
low  a  degree  of  astigmatism  as  0.75  D.  could  be  detected  by 
this  test,  if  the  observed  and  observing  eye  were  both  com- 
pletely relaxed.  If  the  eye  examined  were  myopic,  Loring ' 
claimed  that  as  low  as  0.50  could  be  detected. 

CONSEQUENCES   OF    UNCORRECTED  ASTIGMATISM. 

Astigmatism  of  a  high  degree  usually  causes  considerable 
impairment  of  vision.  But  if  the  astigmatism  be  simply  hyper- 
metropic, according  to  the  rule,  this  is  not  necessarily  the  case. 
Every  ophthalmologist  of  large  experience  will  recall  cases, 
where  the  vision  has  remained  f$  even  up  to  presbyopia,  in 
uncorrected  astigmatism  of  as  much  as  three  diopters,  but  this 
is  unusual.  Especially  if  the  astigmatism  be  removed  from  the 
vertical  meridian  in  the  l\yperopic  form,  and  from  the  horizon- 
tal in  the  myopic,  will  this  be  the  case.  It  has  already  been 
observed  that  in  places  where  expert  advice  in  ophthalmoscopy 
is  not  to  be  obtained,  cases  of  astigmatism  are  often  seen  which 
may  be  completely  corrected  by  glasses,  and  which  have  been 
supposed  to  be  due  to  organic  and  incurable  disease  of  the  eye. 

Astigmatism  against  the  rule,  and  mixed  astigmatism,  the 

1  "Text-Book  of  Ophthalmoscopy,"  vol.  i.,  p.  118. 
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latter  especially,  usually  impair  the  sight  very  much.  The  cor- 
rection of  the  latter  form,  under  the  most  favorable  conditions, 
will  require  the  most  care.  It  is  not  always  easy  to  determine 
how  much  of  the  corneal  error  is  myopic  and  how  much  hyper- 
metropic, because  the  ophthalmometer  can  only  determine  the 
degree.  The  ophthalmoscope  should  be  critically  used,  and  if 
good  vision  is  not  secured  with  the  trial  glasses,  in  two  or  three 
sittings,  a  mydriatic  must  be  employed.  With  a  little  patience, 
and  careful  ophthalmoscopy,  this  will  generally  be  avoided. 

The  chief  result  of  uncorrected  astigmatism  of  a  low  degree, 
especially  of  hyperopic  astigmatism,  is  to  produce  asthenopia, 
as  has  been  several  times  stated  in  this  volume.  Donders 
believed  that  hypermetropia  was  at  the  bottom  of  most  cases  of 
asthenopia  and  although  he  recognizes  the  asthenopia  dependent 
upon  astigmatism,  he  chiefly  lays  stress  upon  the  impairment  of 
vision  produced  by  this  error  of  refraction.  He  certainly  did  not 
give  it  as  high  a  place  in  the  production  of  asthenopia  as  seems 
to  be  proper  in  the  light  of  recent  investigations.  From  ray 
experience,  I  think  that  uncorrected  hyperopic  astigmatism  is 
the  chief  source  of  asthenopia.  So  important  a  factor  is  it,  that 
we  need  not  in  young  persons,  unless  the  axial  refraction  be 
highly  hypermetropic,  correct  this  at  all,  but  be  content  with 
correcting  the  astigmatism  for  near  work  only.  This  is  when 
the  vision  without  glasses  is  -ff  or  -§ %.  Just  how  much  hyper- 
metropia we  may  leave  uncorrected  I  can  hardly  say  any  more 
exactly  than  to  indicate  from  2  to  3  diopters  as  the  limit. 
When  much  higher  than  this,  it  is  apt,  except  in  young  chil- 
dren, or  persons  under  fifteen  years  of  age,  to  produce  ambly- 
opia, and  it  should  always  be  corrected  when  this  is  the  case. 

Without  doubt  there  is  much  more  attention  given  to  asthen- 
opia in  our  country  than  in  any  others.  Whether  there  is  actually 
a  wider  prevalence  of  this  symptom  among  us  than  in  England, 
France,  and  Germany,  I  cannot  say,  but  there  is  certainly  more 
attention  to  errors  and  so-called  errors  of  refraction,  and  so- 
called  muscular  asthenopia,  with  us  than  among  the  people  of 
the  old  world.  It  was  long  ago  remarked  by  a  German  author- 
ity, in  the  early  days  of  ophthalmology,  and  just  after  the  gen- 
eral knowledge  of  astigmatism  and  hypermetropia,  that  the 
American  oculists  soon  became  very  expert  in  the  adjustment 
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of  glasses,  in  accordance  with  the  principles  that  had  been  then 
recently  promulgated  for  the  first  time. 

A  reference  to  the  tahle  in  Chapter  IV.,  made  up  from 
various  hospitals  and  infirmaries  in  the  United  States,  shows 
what  a  preponderance  there  is  of  cases  requiring,  or  seeming 
to  require,  glasses,  among  the  patients  even  of  the  poorer 
classes  who  attend  the  clinics.  In  private  practice  the  propor- 
tion is  still  larger.  The  persons  who  come  to  my  clinics  at  the 
Hospital  for  glasses  are  largely  dress-makers,  persons  engaged 
in  millinery,  seamstresses,  and  the  like  among  women,  and 
school  children  of  hoth  sexes;  with  printers,  salesmen,  hook- 
keepers  among  men.  The  table  in  Chapter  XXIX.  illustrates 
this. 

Formerly  I  corrected  the  astigmatism  and  a  part  of  the 
hypermetropia,  leaving  the  more  hypermetropia  uncorrected 
the  younger  the  subject,  but  I  now  adopt  the  method  men- 
tioned above,  of  correcting  the  corneal  astigmatism  with  the 
rule,  less  one-half  a  diopter  for  the  corrective  power  exerted  by 
the  lens,  and  all  of  the  astigmatism  against  the  rule.  Moreover, 
in  some  cases  where  the  ophthalmometer  marking,  is  plainly,  no 
astigmatism,  I  occasionally  find  advantage  in  a  cylinder  of  one 
diopter  or  one-half  a  diopter,  with  the  axis  at  180°  if  the  patient 
be  hypermetropic,  and  at  90°  if  the  patient  be  myopic,  but  this 
is  rarely  the  case.  It  may  be,  that  an  error  of  mistaking  0.25 
against  the  rule  for  no  astigmatism,  has  been  made  in  these 
exceptional  cases. 

It  is  sometimes  extremely  difficult  in  one  examination,  to  say 
that  not  even  0.25  D.  exists. 
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Although  I  have  already  discussed  this  subject  at  some  length 
in  a  preceding  chapter,  I  am  obliged  to  return  to  it  here,  as 
being  of  importance,  in  my  judgment,  and  requiring  more  full 
illustration. 

.Muscular  asthenopia  has  played  a  great  part  in  the  diagnosis 
of  refractive  cases  in  our  country.  One  of  the  believers  in 
great  and  widespread  influence  of  the  eye  upon  neuroses,  aban- 
doned the  idea  that  hypermetropia  was  the  cause  of  epilepsy 
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and  chorea,  "more  than  all  other  causes  combined,"  to  urge 
that  uncorrected  insufficiencies  of  the  external  muscles  was  the 
real  cause.  This  author '  has  had  many  followers.  Most  of 
them  have  not  gone  so  far  as  he,  but  there  has  been  and  con- 
tinues to  be  an  extensive  practice  of  tenotomy  and  use  of 
prisms  to  correct  defects,  which  in  my  opinion,  after  very  care- 
ful examinations  continued  for  years,  depend  upon  errors  of 
refraction,  if  disturbing,  and  which  may  exist  and  do  exist  in 
persons  who  have  no  asthenopia,  and  no  neuroses,  such  as  chorea 
and  epilepsy.  I  formerly  practised  tenotomy  to  a  limited  de- 
gree for  latent  insufficiencies,  and  prescribed  prisms  very  fre- 
quently. The  thorough  use  of  atropia,  soon  in  great  part 
convinced  me  of  the  complete  dependence  of  muscular  asthe- 
nopia upon  errors  of  refraction,  chiefly  upon  astigmatism,  and 
I  gradually  ceased  almost  entirely  to  prescribe  prisms,  having 
found  them  sometimes  beneficial  but  almost  always  makeshifts, 
and  poor  substitutes  for  cylindric  glasses.  When  I  became 
familiar  with  the  use  of  the  ophthalmometer  in  1888,  I  once  for 
all  abandoned  the  idea  of  relieving  muscular  asthenopia,  except 
by  correction  of  an  error  of  refraction,  and  I  advised,  as  I  do 
now,  that  the  term  be  given  up  as  having  no  rightful  place  as 
generally  used  in  ophthalmology.  If  the  student  will  carefully 
correct  the  errors  of  refraction,  he  will  have  no  need  for  tenoto- 
mies except  for  strabismus,  nor  for  prisms  except  for  paresis  or 
paralysis  of  the  external  muscles. 

The  belief  in  any  morbid  constitutional  condition  of  more 
than  a  passing  nature,  being  dependent  upon  an  error  of  refrac- 
tion or  a  latent  insufficiency  of  an  external  muscle  of  the  eye,2 1 
could  never  accept,  and  my  views  upon  this  subject  were  placed 
before  the  profession  at  a  very  early  date.3  Time  and  added 
experience  have  deepened  my  conviction  that  the  cures  accom- 
plished by  tenotomies  and  prisms  in  such  cases,  were  mainly  sug- 
gestive and  many  of  them  were  illusory,  occurring  in  neurotics 
who  came  into  the  world  with  an  abnormal  nervous  system,  and  in 
whom  symptoms  are  as  variable  as  the  changing  of  the  wind. 

1  G.  T.  Stevens:  "Functional  Nervous  Diseases,"  D.  Appleton  &  Co.,  1887. 

'-'  "The  Relation  of  Errors  of  Refraction  and  Insufficiency  of  the  Ocular 
Muscles  to  Functional  Diseases  of  the  Nervous  System."  Medical  Record.  April 
19th,  1890.  3  Medical  Record,  October  9th.  1880. 
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Sucli  persons  will  always  have  recourse  to  medical  advice  to  alle- 
viate their  symptoms,  but  they  are  better  under  the  care  of  wise 
general  physicians  than  in  the  hands  of  oculists.  Without 
doubt,  asthenopia  may  occasionally  cause  morbid  general  sen- 
sations, and  even  great  depression  of  spirits,  coining  to  be 
almost  melancholia,  but  in  such  cases  the  origin  of  the  trouble 
is  easily  traced  to  true  asthenopia.  There  is  much  asthenopia 
with  us  in  the  United  States,  directly  traceable  to  weakened 
constitutional  conditions,  anaemia,  nervous  conditions  after 
typhoid  fever,  measles,  and  the  like,  and  which  may  or  may 
not  be  associated  with  errors  of  refraction  worthy  of  correction. 
The  following  cases  illustrate  how  constitutional  conditions, 
especially  malaria,  may  be  mistakenly  supposed  to  be  dependent 
upon  an  ocular  defect. 

A  rather  remarkable  case  was  that  of  a  lady  of  middle  life 
who  had  been  very  well  the  most  of  her  days,  until  she  spent  a 
summer  in  a  malarial  district  near  New  York.  On  her  return, 
she  had  many  head  symptoms.  She  was  found  to  have  myopic 
astigmatism,  which  had  never  before  given  her  any  inconveni- 
ence. The  proper  glasses  were  adjusted  and  readjusted,  but  no 
relief  was  afforded.  She  came  to  me  with  the  conviction 
that  something  must  be  wrong  with  her  spectacles.  I  found 
them  entirely  correct,  but  on  inquiry  I  learned  that  she  had 
lived  in  a  house  adjacent  to  a  lot  in  which  there  had  been 
digging  during  a  number  of  weeks  of  the  summer.  I  imme- 
diately suspected  that  it  was  a  case  of  malarial  infection,  wrote 
to  her  physician  stating  my  views,  and  in  a  few  weeks  she  was 
perfectly  well,  and  remained  so,  at  this  writing,  some  two  years 
since. 

A  physician  of  about  forty,  with  myopia,  consulted  me  in 
regard  to  vertigo,  which  was  very  troublesome,  and  for  which 
he  had  already  seen  a  specialist  in  neurology.  This  specialist 
found  want  of  equilibrium  in  the  ocular  muscles  accompanying 
the  myopia,  and  recommended  that  he  should  come  to  an  ocu- 
list for  a  tenotomy.  He  came  to  me  for  this  purpose.  I 
tested  his  sight  and  ocular  balance,  and,  at  the  same  time. 
inquired  into  his  general  condition  and  habits.  I  found  that 
he  was  overworking,  and  that  he  was  stimulating  somewhat  in 
order  to  compensate  for  his  excessive  activity,  that  he  was  not 
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sleeping  well,  and  so  forth.  I  advised  that  he  change  his  mode 
of  life,  not  work  so  hard,  have  a  change  of  air,  and  return  in 
two  weeks.  When  he  returned,  the  condition  of  his  ocular 
muscles  was  exactly  the  same.  Of  course,  his  myopia  remained 
unchanged,  but  his  vertigo  had  disappeared,  and  from  that 
time  to  this,  a  period  of  some  ten  years,  he  lately  told  me,  he 
had  had  no  return  of  the  symptom. 

Such  cases  could  be  multiplied  indefinitely  from  my  practice. 
They  are  outlined  here  in  order,  if  possible,  to  teach  the  practi- 
tioner into  whose  hands  this  volume  may  fall,  the  necessity  of 
thoroughly  considering  the  general  condition  and  habits  of  a 
patient,  before  resorting  to  an  operation  for  the  restoration  of 
that  so-called  "muscular  equilibrium,"  which  is  not  at  all  essen- 
tial, in  most  cases,  to  good  use  of  the  eyes,  with  freedom  from 
asthenopia. 

A  young  man  of  21,  a  student,  treated  by  various  oculists, 
on  account  of  want  of  balance  of  ocular  muscles;  becomes  steadily 
worse  until  the  use  of  glasses  is  desisted  from,  and  general 
treatment  undertaken. 

March  3d,  1803,  X.  M.  C. ,  21  years  of  age,  student.  He  has  had 
severe  headaches  since  he  was  15  3-ears  of  age.  From  the  symptoms 
they  appear  to  be  what  is  known  as  migraine;  he  has  considerable 
indigestion.  About  two  years  ago  he  was  informed  that  these  head- 
aches depended  upon  his  eyes,  and  since  then  he  has  been  under  the 
care  of  oculists,  although  a  distinguished  oculist  told  him  that  his 
eyes  were  not  at  fault.  His  eyes  are  now  under  the  influence  of 
atropine,  having  been  so  for  three  weeks.  The  use  of  the  atropine 
has  not  relieved  his  condition,  and  he  has  never  found  any  of  the 
glasses,  of  which  he  has  had  various  kinds,  of  any  service.  His 
father  is  a  prosperous  business  man,  with  one  eye  of  very  different 
refraction  from  the  other,  but  without  asthenopia.  His  mother  is  a 
neurotic  with  very  poor  digestion,  unable  to  do  anything  continu- 
ously. This  young  man  is  a  blond,  well  formed,  but  of  delicate 
structure.  On  examination  he  is  found  to  have  vision  f-f—  without 
glasses;  he  has  one-half  a  diopter  of  corneal  astigmatism,  and  a  low 
degree  of  hypermetropia ;  but  even  under  the  full  influence  of  atro- 
pine, accepts  only  a  glass  of  a  quarter  of  a  diopter.  A  diagnosis  of 
neurasthenia  and  migraine  was  made.  This  young  man  was  told  to 
stop  his  atropine,  and  when  his  eyes  came  back  to  their  normal  con- 
dition to  look  after  his  health,  and  work  without  glasses.     He  be- 
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camequite  ill  from  the  pn  (longed  use  of  atropine,  but  finally  on  April 
19th  had  fully  recovered  and  has  been  able  up  to  this  time  of  writing, 
one  year  latter,  to  go  on  with  his  work,  without  glasses  and  in  comfort. 

A  young  man  has  (/rent  business  responsibility  thrown  upon 
him  :  his  eyes  break  down  ;  a  diagnosis  of  want  <>f  muscular 
equilibrium  is  made;  his  infernal  recti  are  divided;  after  the 
use  of  prisms  his  as/ /'(/mat ism  is  corrected,  but  he  becomes 
steadily  worse,  unable  to  a  I  tend  to  business. 

April  17th,  IS!);}. — H.  R.  T.,  aged  ■!]  years,  clerk. — Some  two 
years  ago  this  young  man  was  obliged  to  take  care  of  his  father's 
important  business  affairs,  almost  alone,  his  father  having  become 
seriously  ill.  For  six  months  he  had  great  responsibilities  thrown 
upon  him,  and  he  became  very  nervous,  and  all  use  of  his  eyes 
caused  a  headache.  He  used  prisms  without  benefit,  his  internal 
recti  were  divided  without  benefit;  he  is  now  wearing  cylindrical 
glasses,  but  is  still  unable  to  work.  Another  operation  has  been 
recommended.  He  is  a  slight,  delicate-looking  young  man.  His 
vision  is  f$  —  ;  he  has  one  diopter  of  astigmatism  in  the  right  eye, 
with  the  rule,  with  the  left  perhaps  a  quarter  of  a  diopter  against 
the  rule.  He  seemed  to  be  wearing  the  appropriate  cylindrical 
glasses  for  use  at  his  near  work,  but  he  wTas  using  them  all  the  time, 
although  his  vision  was  f °  with  one  eye,  and  §{}  with  the  other, 
without  them.  My  diagnosis  in  this  case  was  nervous  disease,  and 
that  his  ocular  symptoms  were  the  result  of  his  great  strain  when 
under  such  responsibility.  I  accordingly  referred  him  to  Prof. 
Charles  L.  Dana,  who  wrote  me  as  follows : 

"  Mr.  H.  has  some  tremor,  evidences  of  vaso-motor  irritability,  a 
tubercular  history  and  physique.  I  think  his  headaches  are  due  to 
a  general  nerve- weakness.  I  have  put  him  upon  cold  baths,  exer- 
cise, diet,  and  mineral  acid  tonic.  I  think  such  treatment  ought  to 
be  curative.     If  not  I  would  look  over  a  tubercular  history." 

It  is  too  early  to  sa}'  what  will  become  of  this  young  man,  but  I 
think  the  average  practitioner  of  large  experience  will  agree  with 
me,  that  his  ocular  symptoms  are  but  a  very  small  part  of  his  troubles, 
and  that  it  was  a  mistake  to  assume  that  he  could  be  cured  by  ten- 
otomies or  prisms,  or  any  kind  of  glasses. 

A  general  practitioner  sends  a  young  man  to  the  occulist 
for  ad  rice,  on  account  of  his  headaches.  They  are  relieved  by 
quinine. 

January  1 1th,  1803.— L.  H.  R.,  age  22,  sent  by  Dr.  X.  For  about 
seven  years  this  young  man  has  been  subject  to  headaches  at  times. 
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He  thinks  they  are  caused  by  the  use  of  his  eyes,  but  there  is  some  pain 
and  blurring  of  vision  when  he  uses  them.  He  lives  in  a  notoriously 
malarial  district.  He  had  chills  and  fever  nearly  every  year  of  his 
boyhood,  up  to  seven  years  ago.  He  had  a  chill  followed  by  fever 
two  months  ago,  but  this  chill  was  not  followed  by  another,  although 
he  took  no  quinine.  His  vision  is  f-g  +  on  each  side  and  he  rejects 
glasses.  He  has  one-half  a  diopter  of  astigmatism  with  the  rule.  A 
diagnosis  of  malaria  was  made,  and  quinine  was  prescribed.  In  one 
week  he  was  better,  in  two  weeks  he  was  apparently  well.  He  re- 
mains so  one  year  later,  although  engaged  most  actively  and  con- 
tinuously in  the  use  of  his  eyes.  This  case  is  interesting  because  a 
general  practitioner  of  distinction,  on  hearing  his  story,  without  hesi- 
tation recommended  him  to  get  glasses,  as  being  the  proper  remedy. 

These  cases,  as  I  have  said  in  the  beginning,  could  be 
multiplied,  but  they  are  sufficient  to  indicate  my  views  on  this 
important  subject — that  is,  that  there  is  a  tendency  in  all  cir- 
cles of  the  profession,  once  having  under-estimated  the  impor- 
tance of  the  eyes  to  the  general  condition,  now  to  over-estimate 
them.     The  pendulum  has  swung  too  far. 

The  nomenclature  that  has  been  introduced  into  ophthal- 
mology, to  describe  weakness  of  the  muscles  should  disappear 
with  the  demonstration  of  its  uselessness.  The  measurement 
of  insufficiencies,  by  the  ingenious  instruments  invented  for  that 
purpose,  should  be  abandoned,  as  being  entirely  unnecessary 
and  misleading.  In  the  laboratory  where  muscular  force  is 
measured,  the}r  may  have  some  value  to  the  physiologist,  but  I 
think  clinical  ophthalmology  is  much  better  without  them. 

It  having  been  pretty  thoroughly  established  that  errors  of 
refraction  are  the  rule  among  well  people  and  not  the  excep- 
tion, the  next  thing  naturally  is  to  determine  how  many  well 
people — that  is,  well  as  to  asthenopia  and  nervous  symptoms  — 
have  what  is  called  muscular  equilibrium. 

I  have  recently  investigated  these  conditions  of  muscles, 
which  are  said  to  be  the  prominent,  if  not  the  chief,  factors  in 
causing  neuropathic  conditions,  and  I  present  the  results  here- 
with. The  investigations  were  made  by  one  of  my  staff,  Dr. 
Deynard  of  the  Manhattan  Eye  and  Ear  Hospital,  with  the  phoro- 
meter,  with  strict  attention  to  the  details  laid  down  in  the 
recent  writings    upon    this    subject.     I    personally  have    never 
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examined  the  cases.  Dr.  Deynard  has  been  perfectly  untram- 
melled in  his  investigations. 

I  )ne  hundred  and  three  persons  who  did  not  have  any  trou- 
ble with  their  eyes  that  they  knew  of,  who  read  and  wrote  and 
sewed,  without  headaches  or  asthenopia,  who  had  no  vertigo, 
chorea,  epilepsy,  hystero-epilepsy,  or  insanity,  were  selected  as 
objects  for  testing.  Eighty-three  were  aural  patients  attend- 
ing the  Manhattan  Eye  and  Ear  Hospital;  six  were  friends  who 
came  with  them;  eleven  were  physicians;  one  was  a  music 
teacher;  one  was  a  servant,  and  one  a  detective.  Seventeen, 
or  sixteen  per  cent,  were  found  to  have  muscular  equilibrium; 
84,  or  eighty-one  per  cent,  had  a  want  of  muscular  equilibrium, 
of  these  27,  or  twenty-six  per  cent,  had  deviation  outward,  in- 
sufficiency of  the  interni,  and  7-1,  or  seventy-one  per  cent,  devi- 
tation  outward  in  accommodation ;  1<>,  or  fifteen  percent,  had 
deviation  inward,  insufficiency  of  the  externi;  7  had  deviation 
downward  in  accommodation;  11,  or  ten  per  cent,  had  a  ten- 
dency of  the  right  or  left  visual  line  upward ;  24  had  deviation 
inward  in  accommodation.  A  re-examination  of  five  of  these 
patients,  showed  a  change  in  the  muscular  examination  from 
that  found  at  first.  This  is  an  important  observation,  since  it 
proves,  as  asserted,  that  the  muscular  power  in  the  same  eyes 
is  not  fixed,  but  variable.1 

Hence  it  is  seen  that  any  series  of  cases  founded  upon  cer- 
tain ocular  insufficiencies  cannot  be  said  to  be  proven  when  the 
existence  of  these  insufficiencies  is  shown,  for  they  may  exist  in 
connection  with  entirely  healthy  nervous  systems,  just  as  errors 
of  refraction  may.  The  value  of  observations  founded  on  such 
tables,  is  now  no  more  than  the  previous  tables  founded  on  errors 
of  refraction.  Not  only  does  all  the  world  have  faulty  refrac- 
tion, but  very  few  people  possess  equilibrium  of  the  ocular 
muscles. 

The  capacity  for  great  intellectual  work  with  a  high  degree  of 
muscular  insufficiencx,  is  well  shown  by  the  following  extract 
from  a  letter  relative  to  the  perception  of  distance  by  Sir  William 
Rowan  Hamilton,  Astronomer  Koyal  of  Ireland,2  printed  in  his 

1  "Astigmatism,  its  Relative  Importance  in  Asthenopia  due  to  Errors  of  Re- 
fraction." Medical  Record,  March  26th,  1892. 

I  am  indebted  to  Dr.  Dennet  for  this  quotation  from  the  life  of  this  emin- 
ent  savant. 
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biography:  "Though  I  habitually  see  a  double  universe,  yet  a 
marked  improvement  has  taken  place  within  the  last  few  weeks 
in  my  power  of  seeing  single.  This  I  attribute  to  my  having 
lately,  for  the  first  time  in  my  life,  bought  a  stereoscope  and  used 
it  at  leisure.  A  friend  within  a  few  minutes'  walk  of  me  has 
long  had  a  stereoscope  apparatus,  but  years  elapsed  before  I 
could  catch  the  effect  at  all.  With  each  eye  separately  I  saw 
a  good  relief,  but  it  is  '  two  years  ago  '  that  I  first  was  able  to 
see  that  tertium  quid  which  is  the  true  result  of  the  stereoscope, 
and  certainly  it  greatly  astonished  me  "  (written  by  Hamilton 
to  De  Morgan  at  fifty-eight). 

Hamilton  also  states  that  on  the  evidence  of  his  friends  he 
did  not  squint,  and  his  photograph  shows  that  he  did  not  do  so 
in  any  marked  degree. 

The  study  of  the  causation  of  disease,  is  certainly  a  very 
important  one,  but  it  is  almost  as  puzzling  at  times  as  the  theo- 
logical problem  of  the  origin  of  evil  in  the  world.  Yet  some 
things  we  do  know.  If  a  man  lives  in  a  malarial  swamp  and 
intermittent  fever  attacks  him,  or  if  he  drinks  water  polluted 
with  typhoid  bacilli  and  gets  typhoid  fever,  or  if  he  is  exposed 
to  a  case  of  small -pox  and  breaks  out  with  this  disease,  or  if 
after  prolonged  exposure  to  wetting  he  is  attacked  with  acute 
rheumatism,  we  have  no  difficulty  in  saying  as  to  where  the 
cause  of  his  disease  is  to  be  found.  But  no  philosopher  will 
conclude  that  cholera  is  caused  by  insufficiency  of  the  ocular 
muscles,  because  a  large  proportion  of  those  seized  with  this 
disease,  as  is  certainly  true,  have  such  an  insufficiency.  The 
true  philosopher  will  recognize  in  nervous  maladies  a  series  of 
causes  acting  together,  and  at  the  bottom  of  them  all,  in  this 
country  at  least,  will  be  found  that  illy  defined  condition  of 
which  we  know  so  little,  but  of  which  we  shall  know  more, 
called  nervous  exhaustion. 


CORRECTION  OF  ASTIGMATISM  ALONE,  WITH  NO   EXISTENT  HYPER- 

METROPIA. 

The  causes  herewith  given  show  how  correction  of  astigma- 
tism may  be  sufficient  to  relieve  asthenopia,  without  correction 
of  hypermetropia. 
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Case  I. — A  neurotic  person,  with  headaches,  gets  relief  from  the 
correction  of  astigmatism  only. 

Mr.  W ,  aged  30.     This  patient  was  scut  to  me  by  Dr.  C.  L. 

Dana,  who  wished  his  eyes  examined,  not  that  Dr.  Dana  supposed 
that  all  his  symptoms  were  caused  by  his  eyes.  He  said  that  he  had 
been  subject  to  headaches  for  the  last  ten  years;  there  is  constant 
pain  in  his  forehead,  vertex,  and  occiput,  and  at  times  a  sharp  pain 
starting  from  the  right  eye  and  extending  over  the  right  side  of  the 
head  to  the  back  of  the  neck.  He  does  not  think  his  eyes  cause  his 
headache,  but  his  eyes  pain  him  when  he  uses  them.  His  general 
health  is  good.  He  is  wearing  glasses  of  +  0.50  D.  spherical.  He 
has  a  sister  and  brother  who  were  relieved  of  headaches  by  using 
glasses  for  astigmatism.  His  vision  is  f  °  in  each  eye;  becomes  \\ 
by  using  a  glass  of  +0.50  D.+0.50  c.  90°.  The  ophthalmometer 
shows  him  to  have  only  0.75  D.  with  the  rule,  on  the  right  side,  and 
1.25  on  the  left.  He  was  ordered  a  +  0.50  c.  90°  for  the  right  eye 
and  for  the  left  +0.75  c.  90°.  Two  weeks  afterward  the  patient 
came  in  to  say  that  he  did  not  have  so  many  headaches,  did  not 
frown,  glasses  seemed  to  be  a  rest  to  him,  liked  them  very  much,  and 
four  weeks  later  he  said  the  same.  This  patient  has  considerable 
hypermetropia,  besides  the  astigmatism.  It  is  my  belief  that  such 
cases  of  astigmatism  are  usually  much  benefited  by  cylindrical  lenses, 
although  these  headaches  do  not  entirely  disappear.  Less  neurotic 
persons  will  sometimes  tolerate  as  high  a  degree  of  astigmatism 
without  headaches  and  without  asthenopia.  This  is  what  I  should 
call  a  mixed  case. 

Case  II.  — A  clerk,  who  has  always  had  headaches  at  intervals, 
finds  ocular  relief  from  the  correction  of  astigmatism. 

Henry  J.  S ,  19  years  of  age.     A  clerk  by  occupation.     He 

states  that  he  has  been  subject  to  headaches  all  his  life,  his  eyes  pain 
him  on  use,  blurring  at  times.  His  general  health  is  good.  His 
headaches  are  in  his  eyes  and  run  up  to  his  head;  he  sometimes 
wakes  up  with  them,  but  he  gets  worse  on  use  of  his  eyes.  His 
vision  in  the  right  eye  is  ■§-§—  ;  becomes  f#  by  using  +0.50  c.  90°, 
same  result  on  the  left  side.  At  some  moments  he  declines  all  glasses 
on  the  left  side.  This  is  one  of  the  eyes  in  which  the  cornea  moves 
under  the  instrument,  and .  it  is  very  difficult  to  measure  with  the 
ophthalmometer,  but  we  discovered  at  last  that  he  had  1  D.  with 
the  rule  at  65°,  that  is,  25°  off  from  the  vertical  in  the  right  eye,  and 
1  D.  with  the  rule  at  90°  in  the  left.  He  had  1.50  D.  of  hyperme- 
tropia, and  was  ordered  +  0.50  D.+0.50  c.  65°  in  the  right,  and  + 
0.50  c.  90°  in  the  left.     Fourteen  days  after  he  writes:  "I  find  the 
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glasses  you  prescribed  for  me  have  been  a  great  help;  have  had  no 
headaches  since,  and  my  eyes  feel  very  much  rested  after  a  day's 
work."     Nothing  has  been  heard  from  him  since. 

Case  III.- — A  lady  in  good  health,  nearly  forty,  has  asthenopia  in 
the  evening;  she  gets  relief  from  the  correction  of  astigmatism  only. 

This  lady  complains  of  asthenopia  in  the  evening.  She  is  in  fairly 
good  health,  not  particularly  robust.  Her  vision  is  ff  +  in  each  eye. 
She  has  2D.  of  astigmatism  with  the  rule.  Her  general  refraction 
is  hypermetropia.  She  was  ordered  a  +0.75  c.  90°  in  each  eye  for 
close  work.  She  came  six  months  later  to  see  me,  on  account  of  an- 
other patient,  and  she  told  me  that  her  asthenopia  had  been  entirely 
relieved,  that  her  glasses  were  perfectly  comfortable.  This  is  an  in- 
teresting case,  from  the  fact  that  the  lady  is  nearly  presbyopic,  aged 
37,  and  that  she  is  able,  without  any  correction  of  the  general  hyper- 
metropia, to  get  on  in  perfect  comfort  with  the  correction  of  the  as- 
tigmatism. 

Case  IV. — Blepharitis  and  asthenopia ;  relief  from  correction  of 
astigmatism. 

Mrs.  D ,  aged  35.     This  patient  suffers  from  asthenopia,  and 

chronic  blepharitis.  She  was  found  to  have  nearly  normal  vision, 
and  accepted  cylindrical  glasses.  On  the  right  1  D.,  on  the  left  0.50 
D.  Her  refraction  was  hypermetropic.  The  ophthalmometer 
made  the  corneal  astigmatism  1.50  D.  on  the  right  side,  and  1  D.  on 
the  left.  She  was  advised  to  wear  +0.75  c.  90°  and  +  0.50  c.  90° 
on  the  left  for  close  work,  with  no  correction  of  the  hypermetropia, 
and  two  months  after  she  reported  that  her  glasses  were  perfectly 
comfortable. 

Case  V. — Headaches  and  double  vision ;  correction  of  astigma- 
tism only ;  relief. 

Miss  A.  D ,  aged  28.     This  patient  has  had  many  headaches, 

for  which  she  has  worn  +  0.50  D.  and  +  0.50  c.  90°.  At  times  she 
sees  double.  Her  vision  is  f  ^  — .  By  the  ophthalmometer  she  has 
1  D.  of  astigmatism  in  each  eye,  with  +  0.50  c.  9°.  Her  vision  be- 
comes f  I}  — .  She  had  three  diopters  of  hjTpermetropia  in  each  eye, 
but  this  was  totally  disregarded;  +  0.50  c.  90°  ordered  for  each  eye, 
and  six  weeks  after  she  wrote  that  her  glasses  were  comfortable,  and 
that  the  headaches  were  less  frequent.  This  again  was  a  neurotic 
case  in  which  the  astigmatism  became  the  last  pound  to  break  the 
camel's  back. 

Case  VI. — Double  vision;  headaches;  relief  by  correction  of 
myopia  and  astigmatism. 
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Maria  C-  — ,  aged  1 1.  This  young  girl  complained  of  headache 
and  of  seeing  double.  Her  vision  is  only  f',,",,  in  each  eye.  By  the 
ophthalmometer  she  has  :i  I),  of  astigmatism  with  the  rule.  The 
prominent  feature  in  this  case  is  the  marked  insufficiency  of  the  in- 
tend, and  the  occasional  double  vision.  Her  refraction  was  myopic. 
She  was  ordered  a  +  1  D.  in  the  right  eye,  added  to  a  —  1.75  c.  L80' , 
and  in  the  left  a  —  5  D.,  added  to  a  —  1.50  c.  180°,  with  which  her 
vision  became  rill  in  the  right  eye,  and  f-§  in  the  left.  She  was  seen 
one  year  after,  when  she  stated  that  she  was  much  more  comfortable, 
very  much  improved,  never  sees  double,  but  her  eyes  "get  twisted 
sometimes,  but  they  soon  get  untwisted."  The  concave  sphericals 
were  increased,  but  the  cylindrical  remained  the  same.  This  case 
illustrates  the  fact  that  positive  double  vision  may  be  entirely  re- 
lieved by  the  correction  of  the  astigmatism.  I  have  never  asserted 
that  prisms  may  not  in  some  cases  do  the  same  thing,  but  with  a 
correction  of  the  refraction,  muscular  insufficiencies  are  fundament- 
ally cured,  not  merely  assisted  by  crutches. 

Case  VII. — Double  vision;  migraine;  partial  relief  from  cor- 
rection of  astigmatism. 

This  patient  has  been  subject  to  headaches  since  she  was  a  girl. 
The  eyes  do  not  pain  her,  but  she  has  "  some  doubling  of  vision" 
when  she  has  the  headache.  Sees  objects  double.  There  was  no 
double  vision  when  she  visited  my  office.  The  pain  was  chiefly  over 
the  orbit,  and  then  in  the  back  part  of  the  eye.  The  diagnosis,  by 
Dr.  Graeme  Hammond,  who  sent  her  to  me,  was  migraine.  Patient 
said  this  could  be  easily  induced  by  anything  requiring  constant  use 
of  the  eyes.  Except  being  anaemic,  patient  was  well.  Her  eyes  had 
been  put  under  the  influence  of  atropine  before  she  came  to  the  office. 
With  the  ophthalmometer,  on  the  right  side,  she  was  found  to  have 
1  D.  of  astigmatism  with  the  rule,  the  axis  being  from  30  to  35°  from 
90°.  In  the  left  eye  she  had  1  D.  with  the  rule.  She  was  advised  to 
wear,  for  close  work,  on  the  right  side,  +  0.50  D.  +0.50  D.  c.  45  , 
and  on  the  left,  +O.50  D.  c.  00°.  Her  vision  was  ||  in  the  right 
eye.  and  f-§  in  the  left,  with  these  glasses.  These  glasses  proved  to 
be  perfectly  comfortable.  Six  months  later,  the  patient  stated  that  she 
could  read  all  the  evening,  but  she  could  not  sew,  and  she  had  an  oc- 
casional sick  headache,  but  not  so  many  as  formerly.  She  liked  her 
glasses  very  much,  and  wTas  disposed  to  wear  them  all  the  time,  to 
prevent  what  she  calls  dizziness  and  double  vision.  The  patient  is 
still  anpemic  and  neurotic.  I  think  this  she  will  always  be,  but  the 
glasses  are  great  palliatives. 
34 
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Case  VIII. — The  following  case  illustrates  the  interesting  obser- 
vation that  correction  of  the  astigmatism  is  sufficient,  where  there  is  a 
very  slight  degree  of  astigmatism  against  the  rule,  and  considerable 
hypermetropia. 

Mrs.  A ,  aged  36.  This  lady  has  had  trouble  with  her  eye- 
lids for  five  or  six  years.  Has  blepharitis  ciliaris;  no  asthenopia. 
What  I  observed  in  1878,  in  my  first  paper  on  the  relations  of  ble- 
pharitis ciliaris  to  errors  of  refraction,  was  markedly  true  here  in 
regard  to  the  absence  of  asthenopia.  Patient's  vision  was  f#— . 
With  the  ophthalmometer  she  had  0.25  P.  astigmatism  against  the 
rule.  On  some  examinations  with  the  ophthalmometer  she  seemed  to 
have  no  astigmatism,  but  we  filially  concluded  that  there  was  separa- 
tion of  the  mires,  to  the  extent  of  0.25  D.  in  the  second  position. 
She  was  ordered  +  50  c.  P.  180°  in  each  eye.  Three  months  later, 
the  patient  writes  that  she  has  had  no  trouble  since  using  the  glasses. 

Case  IX. — Asthenopia;  relief  from  correction  of  astigmatism 
alone. 

Susie  L — ■ — ,  aged  10.  November  11th,  1891.  The  patient's  eyes 
smart,  burn,  and  pain  on  use;  occasional  headaches.  The  trouble 
has  existed  but  a  very  short  time.  Is  using  her  eyes  eight  hours  a 
day,  sometimes  ten  hours.  Her  vision  is  |„  +  in  each  eye.  She 
has  1  P.  of  astigmatism,  and  her  eyes  are  hypermetropic.  She  was 
ordered  a  +0.50  c.  D.,  90°,  and  three  weeks  later  she  writes  me: 
"  My  eyes  are  not  at  all  painful,  and  are  much  improved  from  using 
the  glasses." 

Case  X. — A  case  in  which  correction  of  the  hypermetropia  and 
astigmatism  was  not  as  beneficial 'as  correction  of  the  astigmatism 
only. 

An  insurance  underwriter,  aged  27,  uses  his  eyes  all  day;  has  had 
trouble  with  them  since  he  was  12  years  of  age;  watering,  tired  feel- 
ing, etc.  He  began  to  wear  glasses  in  1880.  He  has  had  excellent 
advice,  but  has  always  worn  spherical  as  well  as  cylindrical  glasses. 
He  has  0.50  P.  of  astigmatism  against  the  rule.  There  is  1  P.  of 
hypermetropia  by  the  ophthalmoscope.  Judging  from  the  records  of 
competent  men  which  he  brought  with  him,  he  had  much  more  under 
atropine,  for  he  was  wearing  as  much  as  -}-  4  P.  sphericals  added  to 
his  cylindrics.  He  was  ordered  +  1  c.  D.,  180°,  for  the  right  eye, 
+0.75  c.  P.,  180°,  for  the  left  eye.  On  December  22d,  he  writes: 
"  The  glasses  you  prescribed  for  me  have  nol  only  relieved  me  from 
all  the  headaches  1  have  had  so  long,  but  have  been  as  a  new  pair  of 
■eyes  to  me." 


CORRECTION   OF   ASTIGMATISM   ALONE.  531 

This  case  illustrates  in  a  marked  way  the  general  truth  that 
the  astigmatism  is  often  the  chief  factor  in  producing  asthe- 
nopia. This  patient  has  had  more  comfort  under  correction  of 
the  astigmatism  alone,  than  when  the  hypermetropia  was  also 
corrected.  But,  as  has  been  already  said,  we  must  always  re- 
gard a  considerable  degree  of  hypermetropia  as  a  normal  con- 
dition; and  astigmatism  even  by  itself,  although  more  disturb- 
ing, as  a  rule,  than  hypermetropia,  requires,  so  to  speak,  a  cer- 
tain setting,  in  general  neurotic  conditions,  in  over-use  of  the 
eyes,  nervous  exhaustion,  the  coming  on  of  presbyopia,  and 
other  concurrent  factors,  before  even  it,  will  produce  asthenopia. 
The  almost  complete  uselessness  of  paralyzing  the  accommo- 
dation, when  we  can  now  accurately  and  quickly  determine 
the  corneal  astigmatism  by  the  ophthalmometer,  is  also  inci- 
dentally shown  by  the  cases. 

I  do  not  claim  at  all  that  persons  with  a  considerable  degree 
of  hypermetropia,  also  having  1  D.  of  astigmatism,  with  the 
rule,  may  not  do  perfectly  well  for  years  without  the  correction 
of  the  astigmatism,  wearing  glasses  that  neutralize  a  part  of  the 
hypermetropia  only.  I  have  treated  hundreds  of  cases  in  this 
way,  before  I  began  to  use  the  ophthalmometer,  and  got  very 
good  results.  I  merely  think  that  the  simpler  way  to  prescribe 
for  these  cases  is  to  correct  the  astigmatism,  and  to  allow  the 
patients  to  compensate  for  their  hypermetropia  by  a  more  vig- 
orous use  of  their  accommodation,  but  when  these  patients  with 
that  degree  of  astigmatism  come  to  presbyopia,  they  will  be 
much  better  off  with  the  astigmatism  corrected.  I  prefer,  in 
the  light  of  my  present  experience,  in  young  persons,  to  try 
what  effect  correction  of  the  astigmatism  alone  will  have, 
before  adding  spherical  glasses.  In  all  but  exceptional  cases, 
the  correction  of  the  astigmatism  alone  will,  I  believe,  give  the 
best  results. 

OPHTHALMOSCOPIC   APPEARANCES. 

The  ophthalmoscopic  appearances  in  regular  astigmatism 
of  a  high  degree  may  readily  be  understood.  Low  degrees, 
such  as  one  diopter,  will  hardly,  except  in  observers  of  the 
greatest  experience,   make    any  perceptible  influence  upon  the 
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appearance  of  the  optic  papilla  and  the  retinal  vessels.  What 
the  observer  is  chiefly  to  concern  himself  with,  in  using  the 
ophthalmoscope  in  errors  of  refraction  and  accommodation,  is  to 
carefully  exclude,  or  include,  as  the  case  may  be,  minute  opaci- 
ties of  the  cornea,  of  the  lens,  or  vitreous,  or  changes  in  the 
retina,  the  nerve,  or  the  blood-vessels.  Except  in  very  young 
children,  who  will  not  hold  their  eyes  still  for  an  examination 
with  the  ophthalmometer,  it  will  not  be  necessary  to  use  the 
ophthalmoscope  or  retinoscopy,  in  order  to  determine  the  exis- 
tence of  astigmatism.  In  some  such  young  subjects  we  are 
sometimes  obliged,  for  lack  of  ability  to  make  an  exact  diag- 
nosis, to  content  ourselves  with  an  approximate  correction  until 
they  are  old  enough  to  be  amenable  to  discipline. 

Migraine  has  been  quite  extensively  supposed  to  be  depen- 
dent upon  astigmatism  and  on  quite  plausible  grounds,  but  he 
who  expects  to  cure  many  cases  of  migraine,  or  sick  headache, 
by  the  use  of  glasses  will  be  grievously  disappointed.  In  a 
person  with  a  decided  error  of  refraction  uncorrected,  especially 
hypermetropic  astigmatism,  the  frequency  of  the  occurrence  of 
sick  headaches  may  be  lessened,  but  this  is  all.  As  I  long  since 
pointed  out,1  migraine  usually  becomes  less  troublesome  about 
the  time  that  presbyopia  conies  on,  and  yet  this  is  often  just 
the  period  when  an  astigmatism  uncorrected  first  manifests 
itself.  More  and  more  as  we  examine  into  the  consequences  of 
uncorrected  errors  of  refraction,  we  find  them  limited  to  the 
eye  itself. 

In  regard  to  muscular  asthenopia,  one  thing  more  should  be 
said.  When  we  correct  strabismus  we  are  always  content  with 
removing  the  manifest  deformity  dependent  upon  insufficiency 
of  the  muscles.  We  never  cut  and  cut  again  for  insufficiencies 
that  the  phorometer  may  declare.  If  those  who  advocate  tenot- 
omies for  latent  insufficiencies  are  right,  they  ought,  by  all  the 
laws  of  logical  deduction,  to  continue  their  operations  here  also, 
until  muscular  equilibrium  has  been  reached.  But  all  practi- 
tioners are,  I  believe,  content  with  glasses  to  preserve  the  equi- 
librium of  the  eye,  and  maintain  the  result  of  the  operation,  to 

1  New  York  Medical  Journal,  April  5th,  1890. 
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wit,  parallelism.  This  is  what  1  advocate1  for  muscular  insuffi- 
ciencies or  weakness  due  to  errors  of  refraction. 

The  most  deplorable  results  have  occurred,  in  my  own 
observation,  in  consequence  of  the  long-continued  effort  to 
restore  the  muscular  balance  of  the  eyes.  In  two  cases  known 
to  me,  enucleation  of  a  sound  eyeball  has  been  performed  at  the 
request  of  the  patient,  who,  having  followed  all  the  steps  in 
repeated  efforts  to  obtain  the  unattainable,  had  become  so  mor- 
bid on  the  subject  as  to  sacrifice  one  of  the  most  important  of 
the  human  organs,  with  which  he  was  able  to  see  distinctly,  al- 
though it  performed  its  functions  with  some  difficulty,  either  real 
or  imaginary,  in  its  co-ordination  with  its  fellow.  One  young 
patient,  with  great  capacity  and  well  grounded  by  education 
to  make  a  useful  man,  I  rescued  from  such  a  mutilation  which 
he  was  urging  upon  his  oculist,  by  my  advice  that  he  should 
first  spend  a  few  months  in  a  hospital  for  the  insane.  To  turn 
the  attention  of  many  patients  away  from  a  contemplation  of 
the  working  of  their  eyes,  will  be  the  duty  of  many  an  oculist 
who  is  consulted  for  an  error  of  refraction,  which  has  caused  a 
want  of  equilibrium  of  the  ocular  muscles. 

Occasionally,  double  vision  is  one  of  the  consequences  of 
errors  of  refraction,  which  can  often  be  entirely  removed  by  the 
use  of  appropriate  glasses,  although  it  is  generally  assumed 
that  this  condition  is  one  that  must,  of  necessity,  require  tenot- 
omy. It  is  remarkable  what  results  are  sometimes  accom- 
plished, especially  in  hypermetropic  astigmatism,  on  removing 
this  disagreeable  symptom,  and  this  without  the  aid  of  any 
prisms  whatever.  Of  course,  if  the  double  vision  is  constant. 
it  will  often  be  necessary  to  perform  an  operation.  Some  of 
the  cases  just  given  illustrate  this  point. 

It  is  not  an  uncommon  thing  for  young  children,  even,  to 
complain  of  double  vision  from  weakness  of  the  external  recti  in 
hypermetropic  astigmatism.  This  will  be  invariably  corrected 
by  the  use  of  cylindric  glasses,  and  requires  no  prisms. 

Recently  a  child  of  six  years  of  age  was  brought  to  me  who  made 
this  complaint,  saying  very  intelligently  that  she  saw  double  while 
she  was  playing  house,  and  that  had  occurred  to  her  several  times. 
On  examination,  I  found  she  had  3  diopters  of  astigmatism  in  one 
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eye  and  1  diopter  in  the  other.  I  have  great  confidence  in  believing 
that  she  will  cease  to  have  double  vision  on  wearing  correcting 
glasses,  and  she  will  not  be  obliged  to  wear  them  except  when  at  near 
work  or  play. 


HISTORICAL    NOTES    ON    THE    DISCOVERY    OF     ASTIGMATISM    AND 
ITS  CORRECTION   BY   CYLINDRICAL  LENSES. 

Donders '  found  it  remarkable  that  astigmatism  up  to  his  time  was 
almost  exclusively  treated  of  in  English  literature.  In  Mackenzie's 
illustrated  treatise  he  found  all  that  was  known  on  the  subject,  and 
this  had  been  discovered  by  Thomas  Young  and  the  royal  astronomer 
Airy.  The  latter  had  a  high  degree  of  compound  myopic  astigmatism 
in  his  own  eye  which  he  carefully  investigated.  Stokes,  also  an  Eng- 
lishman, invented  a  lens  for  determining  the  degree  of  astigmatism. 
Dr.  Goode  also  reported  some  cases,  one  of  them,  like  Airy's,  in  his 
own  eye.     After  Goode,  Thompson  reported  cases,  also  in  England. 

In  our  own  country  Dr.  Isaac  Hays  recorded  two  cases  in  an 
American  edition  of  "  Lawrence  on  the  Eye,"  for  which  the  optician 
McAllister  made  correcting  glasses.  Strange  to  say,  nearly  all  of  the 
cases  reported  up  to  Donders'  time  were  of  the  less  frequent  variety, 
myopic  astigmatism.  Wharton  Jones  in  his  "Manual"  (London, 
1855),  and  Sir  William  Wilde  in  the  Dublin  Journal  of  Medical  Sci- 
ences, boldly  announced,  and  correctly  too,  but  without  adducing 
proof,  that  the  seat  of  astigmatism  was  in  the  cornea.  This  was  in 
the  face  of  Thomas  Young's  observations,  that  would,  as  Donders 
says,  have  led  them  to  look  for  it  in  the  lens.  The  Dutch  physiol- 
ogist continues :  "  We  see  that  in  science  also  the  quotation  is  some- 
times applicable,  'audaces  fortuna  juvat."  One  of  my  patients, 
the  late  General  Terry  of  the  United  States  Army,  who  had  myopic 
astigmatism,  with  the  aid  of  an  optician  corrected  his  own  defect 
about  the  year  1858.  It  was  not  until  after  the  war  had  ended,  that 
he  learned  that  astigmatism  was  everywhere  recognized — when  he 
sought  and  secured  a  better  correction  than  he  had  hitherto  had. 

Since  but  one  continental  observer  of  astigmatism  appeared  until 
Donders'  time,  and  he  long  after  the  reports  of  Young  and  Airy,  the 
credit  of  preparing  the  way  for  the  full  revelation  of  the  diagnosis 
and  correction  of  astigmatism,  made  in  Holland,  must  be  given  to 
Great  Britain  and  our  own  country. 


1  hoc.  cit.,  p.  539  et  seq. 
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PRESBYOPIA.— GENERAL  REMARKS  AS  TO  THE  AD- 
JUSTMENT  OF  GLASSES. 

Definition. — A  Disease  of  Accommodation. — Physiological  Causes  of  Pres- 
byopia.— The  Immunity  of  Watchmakers  from  Asthenopia.  —Prescribing 
Glasses. — -Presbyopia  complicated  with  Myopic  Astigmatism. — Methods  of 
Testing  for  Presbyopia.  —Table. — Donders'  Rule. — Variations  of  the  Rule. — 
Inventions  which  Lessen  the  Necessity  for  Over-Using  the  Eyes. — The  Choice 
between  Spectacles  and  Eyeglasses. — A  Mydriatic  Not  Necessary  in  Pre- 
scribing Classes  for  Presbyopia. — Concluding  Remarks  as  to  the  Method  of 
Adapting  Glasses  for  Errors  in  Refraction  and  Accommodation. — The  Im- 
portance of  Careful  Ophthalmoscopic  Examinations. 

Definition. — Presbyopia  (rcpeapv^  an  old  man;  ">^\  cue),  con- 
sists of  a  recession  or  removal  of  the  near  point  of  vision. 

This  change,  which  is  a  senile  one,  and  which  ultimately 
affects  every  eye,  is  naturally  a  great  inconvenience  to  hyper- 
metropic eyes,  while  in  myopia,  the  recession  of  the  near  point 
may  make  it  easy  for  the  subject  of  it,  to  read  or  pursue  occu- 
pations on  fine  objects  near  at  hand,  without  glasses,  which  is 
a  very  great  boon.  This  fact  has  led  to  the  opinion,  sometimes 
expressed,  that  a  moderate  degree  of  myopia  is  the  best  vision 
for  those  who  use  their  eyes  very  much  upon  near  objects. 

Presbyopia  is  a  condition  dependent  upon  the  accommoda- 
tive power,  a  disease  of  the  accommodation.  In  advanced  age, 
not  only  the  near  point  but  also  the  far  point  recede.  This  is 
due  to  causes  that  will  be  discussed  a  little  later  on.  From 
what  has  gone  before,  it  will  be  readily  understood  that  presby- 
opia must  be  inconvenient,  or,  at  least,  require  aid  for  its  relief 
at  an  earlier  period  in  eyes  with  a  very  short  axial  diameter, 
than  in  those  approaching  the  ideal  or  standard  eye,  where 
parallel  rays  are  united  upon  the  retina  without  the  slightest 
accommodative  effort,  or.  as  has  just  been  indicated  in  myopic 
eyes,  that  are  adapted  for  the  rays  coming  from  near  objects. 
For  example,  a  person  of  forty  years  of  age.  who  began  and 
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continued  life  with  a  hypermetropia  of  three  diopters,  to  which 
is  added,  let  us  say,  a  corneal  astigmatism  of  one  diopter,  will 
need  a  much  stronger  glass  for  reading,  than  a  person  of  the 
same  age  who  has  only  a  half  diopter  of  deviation  from  an  ideal 
eye,  while  a  person  with  three  diopters  of  myopia  may  go  on, 
in  spite  of  the  senile  changes  in  his  eye  that  constitute  presby- 
opia, and  read  and  write  without  the  aid  of  glasses  until  old  age 
has  been  fully  entered  upon.  In  myopia  of  six  or  seven  diop- 
ters the  whole  of  a  long  life  may  be  passed  without  the  need  of 
glasses  for  near  objects.  The  causes  of  presbyopia  have  been 
at  work  in  all  these  eyes  alike,  yet  they  have  acted  upon  differ- 
ent conditions. 

The  physiological  causes  of  presbyopia,  in  the  light  of  our 
present  knowledge,  may  be  said  to  be  of  a  threefold  character: 

I.  A  diminution  in  the  contractile  power  of  the  ciliary 
muscle. 

There  is  scarcely  a  muscle  in  the  body,  that  begins  work  at 
so  early  a  period,  and  continues  it  so  unremittingly,  as  does 
the  ciliary.  The  infant  of  a  few  weeks  of  age  begins  to  accom- 
modate for  near  and  far  vision.  This  is  continued  with  consid- 
erable vigor,  too  much  so,  if  unchecked,  in  the  early  years 
before  school  life  begins.  When  the  latter  period  is  reached, 
its  exercise  is  almost  unremittent  during  the  hours  not  given 
to  sleep,  and  sometimes  under  most  unfavorable  circumstances, 
that  is  to  say,  with  poor  illumination,  bad  posture,  and  with 
badly  printed  text-books,  with  type  too  small.  This  latter  diffi- 
culty is  increased  in  countries  where  the  Roman  characters  have 
not  been  adopted.  There  is,  perhaps,  no  muscle  for  which 
it  is  more  difficult  to  provide  perfect  rest,  except  from  the 
unceasing  activity  of  the  ultimate  muscular  fibres,  than  the 
ciliary  muscle.  If  we  secure  abstinence  from  reading  and 
writing,  sewing  and  the  like,  there  remains  still  the  uncontrol- 
lable activity  of  the  accommodation  in  eating  and  drinking,  in 
turning  from  one  object  in  the  landscape  or  room,  to  another  a 
little  nearer,  back  again,  and  so  forth.  With  the  dawn  of 
youth  its  power  begins  to  decline,  especially  if  over-exerted,  and 
if  too  continuously  employed.  Especially  is  this  so,  if  it  be  in 
an  anaemic  subject  or  one  destitute  of  an  average  degree  of 
vigor.      The  aboriginal   inhabitants  of   our  country,   the    fron- 
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tiersman,  the  scout,  the  sailor,  the  country  gentleman  leading 
an  out-door  life,  usually  have  a  greater  accommodative  power, 
and  a  clearer  distant  vision,  than  the  student,  the  neurotic 
invalid,  or  the  bookkeeper  and  the  man  of  letters.  To  this 
there  may  seem  to  be  exceptions,  but  usually  they  are  only 
apparent  ones,  or  they  really  prove  the  rule,  that  excessive  use 
of  the  accommodation  for  near  objects,  brings  on  presbyopia  at 
an  early  age.  It  is  true  that  watchmakers  retain  their  accom- 
modative power  for  a  relatively  long  period.  They  seem  to  be 
among  the  less  frequent  in  the  occupations  of  those  who  seek 
relief  at  the  hands  of  the  oculist.  Thus  among  one  thousand 
cases  applying  for  aid  at  the  Manhattan  Eye  and  Ear  Hospital, 
there  was  no  watchmaker  as  against  many  bookkeepers  and 
seamstresses. 

This  comparative  immunity  of  watchmakers,  may  be  due  to 
the  fact  that  their  close  vision  is  chiefly  with  one  eye,  and 
always  with  the  aid  of  a  convex  glass.  Their  accommodation, 
although  they  are  constantly  looking  upon  fine  objects,  is  not 
really  strained,  as  with  those  who  use  both  eyes  together  and 
call  in  the  converging  muscles  to  act  with  the  ciliary.  This 
first  factor  in  the  production  of  presbyopia  may,  therefore,  vary 
in  different  individuals,  in  the  effect  with  which  it  acts. 

II.  There  is,  however,  a  second  factor  in  the  production  of 
presbyopia,  that  is  to  say,  a  rigidity  of  the  fibres  or  the  capsule 
of  the  crystalline  lens,  which  renders  it  difficult  or  impossible 
for  it  to  undergo  as  rapid  and  great  a  change  in  shape,  that  is, 
an  increasing  of  its  convexity.  This  increase  of  convexity  is, 
of  course,  essential  to  the  refraction  and  focusing  of  divergent 
rays.     Any  diminution  of  it,  is  an  incident  of  presbyopia. 

III.  There  is,  perhaps,  also  an  absolute  flattening  of  the 
lens,  on  account  of  increased  density  (Stellwag)  which  shortens 
the  axial  diameter  of  the  eye,  and  constitutes  what  Donders 
called  acquired  hypermetropia. 

These  three  factors  in  the  average,  non- myopic  eye,  are 
usually  sufficiently  powerful  to  bring  a  person  to  the  need  of 
weak  convex  glasses  at  the  age  of  forty,  especially  if  that  per- 
son be  required  to  use  the  eyes  at  very  close  work.  If  there  be 
a  corneal  astigmatism  of  one  diopter  added  to  this,  it  will 
usually,  although  not  always,  be  more  comfortable  to  the  patient 
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if  a  cylindric  glass  of  half  a  diopter,  be  added  to  the  0.50  D, 
which  is  the  first  glass  required  by  a  subject  of  the  character 
just  indicated.  In  cases  where  there  is  a  very  low  degree 
of  hypermetropia  added  to  the  astigmatism,  it  may  be  suffi- 
cient to  give  the  beginning  presbyope  a  glass  for  a  year  or 
so.  that  will  simply  correct  the  astigmatism.  Such  a  glass  is 
actually  more  comfortable  in  many  such  cases  than  one  with  an 
added  spherical.  I  am  now  speaking  of  hypermetropic  astigma- 
tism. Where  there  is  myopic  astigmatism  and  emmetropia  in 
the  other  principal  meridians,  it  will  be  necessary  for  a  few 
years  to  correct  this  only,  which  is  done  by  ordering  a  convex 
cylindric  glass  for  the  emmetropic  meridian.  For  example,  if 
a  patient  of  forty  years  of  age  have  a  myopic  astigmatism  of 
one-half  a  diopter,  it  will  be  proper  to  order  for  him  a  positive 
cylindric  glass  of  that  degree,  with  the  axis  at  90°. 

It  is  the  increasing  density  of  the  lens,  and  its  consequent 
flattening,  which  causes  the  far  point  also  to  recede  in  advanced 
life,  but  this  does  not  come  on  for  some  years  after  failure  of 
the  power  of  the  ciliary  muscle  has  been  observed.  As  a  result 
of  this  recession  of  the  far  point,  convex  glasses  are  then  re- 
quired for  distant  as  well  as  near  vision. 

Presbyopia  complicated  with  myopic  astigmatism  in  a  man  of 
40  years  of  age. 

A.  R.,  get.  49.  This  patient  has  myopic  astigmatism  of  1.25  in 
each  eye,  axis  180°.  For  reading  then  his  presbyopia  only  affects  the 
opposite  meridian,  the  myopic  meridian  being  well  adapted  for  that 
without  a  glass.  A  convex  cylinder  is,  therefore  placed  before  the 
meridian,  or  at  180°.  With  his  moderate  degree  of  myopia,  the  time 
will  come  when  he  cannot  read  easily  without  a  glass  over  the  myopic 
meridians  as  well. 

METHOD   OF  TESTING  FOR    PRESBYOPIA. 

In  the  determination  of  the  glass  for  the  near  point,  the 
vision  should  always  be  tested  for  the  far.  If  convenient,  it  is 
much  better  to  have  twenty  feet  for  the  tests.  It  is  the  habit 
of  patients  who  consult  an  oculist  for  what  they  consider  to  be, 
and  what  is  usually,  simple  presbyopia,  to  demur  at  this,  and 
to  exclaim  that  they  "see  perfectly  well  at  a  distance,  they  only 
require  glasses  for  reading,1'  and  so  forth.     They  do  not  see  why 
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they  should  be  required  to  be  tested  for  distant  objects,  but  a 
standard  of  prescription,  can  only  be  accurately  obtained  by  the 
test  for  the  determination  of  the  existence  of  latent  hyperme- 
tropia,  its  degree,  if  present,  also  the  demonstration  of  the  pres- 
ence or  not  of  corneal  astigmatism,  or  even  of  amblyopia.  The 
practitioner  should  not  be  deterred  from  the  scientific  although 
routine  method  of  ascertaining  the  visual  power  with  accuracy. 
Results  somewhat  startling  to  a  self-satisfied  patient,  will  disturb, 
his  preconceived  ideas  as  to  his  power  of  seeing.  That  being 
once  accomplished,  and  it  is  a  very  easy  and  rapid  test  with 
intellectual  patients,  the  practitioner  may  prescribe  the  proper 
glass  for  reading  or  the  like.  Given  an  eye  with  f  [}  vision 
unimpaired  by  convex  glasses,  with  no  corneal  astigmatism,  or 
less  than  0.75,  I  lay  very  little  stress  upon  the  near  tests.  We 
may  determine  with  great  certainty  on  the  plan  of  the  following 
table.  A  person  of  forty  or  forty-three,  without  astigmatism 
of  a  diopter,  and  with  no  manifest  hypermetropia,  will  require — 

At  40 a  glass  of  0. 50  D. 

"45 "       "  1.      D. 

"    50 "       "   1.50  D. 

"60 "       "   2  to  2.50  D. 

If  manifest  hypermetropia  of  two  or  more  diopters  exist,  it. 
will  be  necessary  to  add  a  glass  of  one  or  more  diopters  to  the 
numbers  here  indicated. 

The  usual  test  for  reading  is  No.  1  Jaeger  or  No.  1 
Snellen,  and  as  laid  down  by  Donders,  the  rule  is  to  order  a 
glass  with  which  this  type  (a  specimen  of  which  is  found  in 
Chapter  VII.)  can  be  fluently  read  at  eight  inches  from  the 
glass.  This  is  intended  to  apply  to  reading  ordinary  type.  It 
has  proved  itself  to  be  a  good  working  rule,  during  the  thirty 
years  or  more  that  it  has  been  employed.  Yet  like  all  rules  it 
should  be  applied  with  some  discretion.  Many  patients  require 
glasses  for  various  purposes,  some  for  reading  manuscript,  at  a 
distance  of  a  foot  or  more  from  the  eyes,  clergymen  and  profes- 
sors reading  lectures  in  colleges  for  example.  Others  again 
need  glasses  for  reading  music  placed  on  a  piano.  Book- 
keepers also  vary  in  the  distance  at  which-  they  work  upon  ledg- 
ers, and  so  forth.  Donders'  rule  applies  well  for  ordinary  read- 
ing in  an  ordinary  light,  and  although  it  is  obvious,  that  books. 
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with  large  type,  require  glasses  giving  less  aid  to  the  accommo- 
dation than  do  our  newspapers,  often  printed  with  poor  ink  and 
small  and  worn  type,  there  are  few  presbyopes  who  find  it  neces- 
sary to  have  more  than  one  pair  of  glasses  for  all  their  ordinary 
work.  The  invention  of  spectacles  and  the  accurate  means  now 
used  to  determine  their  choice,  have  given  printers  and  publish- 
ers great  latitude  in  the  way  of  using  small  and  well-worn  type, 
a  latitude  which  they  have  not  been  slow  to  avail  themselves  of. 
But  oculists  should  set  their  faces  against  this  means  of  overtask- 
ing the  accommodative  power  of  civilized  and  cultivated  races, 
and  advise  the  selection  of  good  type,  even  for  young  persons 
with  clear  vision  and  vigorous  ciliary  muscle.      Patients   are 


Fig.  172.—  Model  of  Simple  Eyeglasses. 


sometimes  suspicious  of  the  tests  with  fine  type,  for,  as  they  truly 
say,  they  do  not  read  such  type,  yet  it  is  better  to  make  the 
test  with  it.  The  capacity  to  read  No.  1  Jaeger  fluently  at 
eight  inches  removed,  with  a  given  glass,  will  generally  deter- 
mine that  this  is  the  proper  glass  for  reading  and  writing.  The 
tests  made  by  oculists  are  usually  with  a  very  good  light,  while 
ordinary  reading  and  writing  are  often  carried  on  with  that 
which  is  far  from  good.  The  test  allows  for  this.  The  begin- 
ner may  find  it  difficult  to  induce  some  patients  to  hold  the  test 
types  at  eight  inches,  even  when  they  can  read  at  that  distance, 
for  with  preconceived  ideas,  they  imagine  that  they  are  to  be  com- 
pelled to  hold  their  books  at  that  distance  for  their  ordinary 
life.     It  is  better,  therefore,  after  having  positively  determined 
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that  the  test  lines  may  be  read  at  eight  inches  and  not  nearer, 
for  if  they  can  be  read  at  six  or  seven  inches  the  glasses  will 
invariably  be  uncomfortable,  to  give  the  patient  an  ordinary 
printed  book,  a  newspaper  or  the  like,  and  decide  after  they 
have    read    in  a    natural  way,   holding    the   book   as   they  are 
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accustomed  to  hold  it,  whether  the  glasses  are  adapted  for  ordi- 
nary work. 

The  invention  of  stenography,  and  of  the  typewriter,  and  the 
practice  of  dictation  associated  with  these  methods,  have  been 
a  great  boon  to  presbyopes,  and  even  to  young  business  people, 
for  they  have  greatly  diminished  the  necessity  for  such  continu- 
ous use  of  the  eyes  as  was  formerly  necessary  in  conducting  a 
large  correspondence,  in  preparing  matter  for  publication  by 
editors  and  authors.      These  inventions  have  done  much  to  les- 


Fig.  174.—  Eyeglasses  with  Spring  at  Nose. 

sen  the  disadvantages  to  civilized    eyes  from  the  necessity  of 
their  over-occupation  upon  near  objects. 

PROPER    FRAMES.— EYEGLASSES. 

At  this  point,  it  may  be  well  to  urge  the  practitioner  to  see 
to  it  that  the  optician  makes  properly  fitting  frames  or  the 
glasses   that    have  been  ordered  by  him.     At  the    same  time, 
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the  patient  should  be  given  a  few  words  of  advice  that  seems 
almost  unnecessary,  namely,  that  he  shall  not  treat  his  glasses 
as  if  they  were  something  that  can  be  thrown  down  or  bent  out 
of  proper  position  with  impunity,  but  that  they  should  be  kept 
carefully  cleaned  and  handled  with  delicacy,  that  they  may  do 
all  that  can  be  properly  required  of  these  invaluable  aids  to  the 
work  of  life. 

Formerly,  I  laid  some  stress  upon  the  use  of  spectacles  for 
prolonged  work,  for  all  persons,  but  after  some  considerable  ex- 
perience I  am  convinced  that  properly  chosen  eye-glasses  are 
better  for  most  persons  for  all  purposes.  But  here,  of  course, 
the  conformation  of  the  nose  and  forehead  will  have  something 
to  do  with  the  choice  of  frames  for  glasses.  Children  who  are 
required  to  wear  glasses  all  the  time  will  usually  find  spectacles 
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Fig.  175.— Frames  for  Holding  Test  Glasses. 


better  adapted  to  their  needs,  and  myopes  in  general  more  often 
require  spectacles,  but  presbyopes  are  usually  more  comfortable 
with  eyeglasses.  Since  eyeglasses  are  generally  considered 
more  becoming  than  spectacles,  young  men,  and  especially  young 
"women,  compelled  to  wear  them  should  be  allowed  to  choose  the 
form  of  frame  they  may  prefer,  so  long  as  they  are  of  good 
size,  so  as  to  fully  cover  the  eye,  and  with  the  centres  corre- 
sponding properly  to  the  pupil.  Astigmatics  should  be  warned 
of  the  uselessness  and  possible  harm  of  glasses  so  carelessly  put 
on  as  to  actually  change  the  position  of  the  axis  of  the  cylinder, 
3ret  even  they,  may  wear  eyeglasses,  if  proper  precautions  are 
taken.  It  only  remains  to  be  said,  that  in  no  cases  of  mere  pres- 
byopia, will  it  be  necessary  to  use  a  mydriatic  to  properly  select 
a  glass.     Such  a  practice,  which  has  been  mentioned  here  and 
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there  as  a  proper  one,  is  only  one  that  will  very  much  annoy  the 
patient,  without  adding-  at  all  to  the  facility  with  which  the 
proper  glass  is  chosen. 

CONCLUDING  REMARKS  AS  TO  THE  METHOD  OF  ADAPTING  GLASSES 
FOR  ERRORS    IN  REFRACTION  AND  ACCOMMODATION. 

As  this  book  will  come  largely,  it  is  hoped,  into  the  hands 
of  those  who  are  beginners  in  ophthalmology,  I  recapitulate,  at 
this  point,  the  method  of  making  an  examination  of  a  case  which 
proves  to  be  one  requiring  glasses. 

1st.  Make  a  thorough  examination  of  the  patient's  vision 
with  both  eyes  open,  and  also  with  each  eye  separately. 

2d.  If  the  vision  be  f$  or  §-§-  —  in  each  eye,  proceed  to  use 
the  ophthalmometer. 

3d.  If  the  vision  be  only  •§-§•  or  less,  make  a  careful  examina- 
tion for  corneal  opacities,  lesions  of  the  lens,  or,  these  being  ex- 
cluded, of  the  back  part  of  the  eye.  If  the  bad  vision  cannot  be 
accounted  for  by  this  examination,  then  proceed  to  the  deter- 
mination of  the  presence  or  absence  of  corneal  astigmatism. 

4th.  If  1  D.  of  corneal  astigmatism,  with  the  rule,  be  found, 
and  the  vision  be  or  — •,  the  patient  will  almost  invariably 
be  hypermetropic  and  have  hypermetropic  astigmatism,  cor- 
rected with  a  positive  cylindrical  glass,  axis  90°. 

5th.  If  the  patient  have  this  degree  of  vision,  it  is  a  matter 
of  very  little  account  whether  or  not  he  accept,  that  is,  see  as 
well  with  the  convex  cylinders  as  without  them,  and  I  have  no 
hesitation  in  ordering  them,  with  the  confidence  that  they  will 
relieve  the  asthenopia.  If  he  have,  as  is  often  the  case,  a 
higher  degree  of  astigmatism,  with  the  same  vision,  the  glass 
will  be  ordered  accordingly.  In  this  class  of  cases,  very  little 
attention  need  be  paid  to  the  patients '  own  statements  about  the 
glasses.  They  are  subjective  in  the  highest  degree,  and,  in  my 
opinion,  much  time  is  wasted  in  seeing  whether  or  not  they  will 
accept  spherical  glasses,  as  they  often  will,  in  addition  to  the 
cylindric. 

6th.  In  another  class  of  cases,  where  there  is  decided  asthe- 
nopia and  no  astigmatism,  or  half  a  diopter  against  the  rule, 
there    will    be    no  hesitation    in    prescribing  the  proper    cvlin- 


544  PRESBYOPIA. 

ders,  even  if  the  patient  does  not  know  whether  or  not  he  sees 
better  or  as  well  with  them. 

7th.  When,  however,  the  ophthalmometer  declares  the  axis 
not  to  be  at  90°  or  180°,  the  subjective  examination  with  the 
cylinder  should  be  made,  and,  as  a  rule,  that  examination  agrees 
entirety  with  the  results  of  the  ophthalmometer.  Should  it  not, 
the  patient  should  be  sent  away,  and  the  examination  repeated 
at  a  later  day,  and  if  the  discrepancy  persists,  I  invariably  pre- 
scribe according  to  the  readings  of  the  ophthalmometer. 

But  we  should  be  certain  that  no  error  is  made  in  the  position 
of  the  head,  or  in  other  respects,  which  would  cause  a  false  read- 
ing, and  the  patient  should  be  warned  that  if  the  glasses  are 
not  comfortable  in  two  weeks,  he  must  return,  when,  if  the  dis- 
crepancy continues  after  this  fair  trial,  we  may  conclude  that 
there  must  be  some  lenticular  astigmatism,  and  a  mydriatic 
should  be  used  to  determine  the  refraction,  with  paralysis  of 
the  ciliary  muscle. 

If  no  astigmatism  is  found  and  there  is,  as  shown  with  the 
ophthalmoscope,  or  by  the  test  with  glasses,  considerable  hyper- 
metropia,  the  spherical  glass  is  ordered  which  they  will  accept 
for  distant  vision.  These  cases  form  a  large  contingent.  They 
are  the  simple  hypermetropes. 

8th.  When,  however,  the  vision  is  defective,  and  the  oph- 
thalmoscope gives  no  reason  for  it,  we  cannot  be  sure  whether 
we  are  dealing  with  myopic  or  hypermetropic  astigmatism  until 
the  tests  are  made  with  glasses.  In  young  subjects,  after  ophthal- 
moscopic evidence  shows  distinctly  that  they  are  myopic,  and  the 
concave  glasses  are  accepted,  I  prescribe  them  from  the  sub- 
jective examination.  But  if  the  fundus  appears  to  be  hyperme- 
tropic and  they  still  prefer  concave  glasses,  atropia  should  be 
used.     But  these  cases  are  entirely  exceptional. 

9th.  For  presbyopic  patients,  if  they  have  astigmatism,  the 
spherical  glass  should  be  added  to  the  cylinder,  which  will  en- 
able them  to  read  No.  1  Jaeger  at  eight  inches,  fluently.  They 
must  be  allowed,  however,  to  read  an  ordinary  book,  holding  it  at 
such  distance  as  may  be  comfortable  for  them  in  an  ordinary  light, 
and  in  some  exceptional  cases,  I  find  that  the  reader  will  tolerate 
only  a  glass  with  which  he  can  read  No.  1  Jaeger  distinctly  at 
nine  inches.     In  persons  just  on  the  bounds  of  presbyopia,  say 
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at  forty  or  forty-one  years  of  age,  without  asthenopia,  who  have 
simply  inability  to  see  fine  print  at  a  proper  distance,  we  may  be 
very  often  content,  for  a  year  or  two,  with  ordering  a  glass  to 
correct  the  corneal  astigmatism  only,  that  is  to  say,  the  corneal 
astigmatism  less  that  neutralized  by  the  lens.  Where  there  is 
myopic  astigmatism  and  presbyopia,  the  positive  cylinder  will 
also  often  be  sufficient  to  neutralize  the  presbyopia  for  two  years 
or  more  after  it  shows  itself. 

10th.  Great  stress  should  be  laid  on  the  frames  ordered  for 
the  glasses,  but  I  no  longer  insist  upon  spectacles.  I  consider 
eye-glasses  just  as  well  adapted,  if  properly  fitted;  and  they  may 
be  worn  by  adults  or  intelligent  young  persons  for  the  correc- 
tion of  astigmatism. 

In  all  this  it  must  be  understood  that  I  am  speaking  of  cases 
only  that  are  clearly  refractive  cases,  and  not  those  showing 
ophthalmoscopic  lesions.  Where  they  exist,  the  cases  come 
under  the  head  of  diseases  of  the  eye,  and  not  simply  as  those 
requiring  glasses.  I  should,  however,  add  that  I  do  not  assume, 
unless  it  is  clearly  proven,  that  a  slight  error  of  refraction,  of 
itself,  produces  headache  or  inability  to  use  the  eyes. 

1  cannot  lay  too  great  stress  on  most  careful  ophthalmoscopic 
examinations,  especially  in  persons  of  middle  life,  with  reference 
to  minute  opacities  of  the  lenses,  which  may  cause  considerable 
asthenopia,  and  be  easily  overlooked. 
35 
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Strabismus,  or  squint  {arpa^w,  to  squint),  is  a  deviation  in 
the  action  of  the  external  muscles  of  the  eyeball,  so  that  when 
one  eye  is  fixed  upon  an  object,  the  other  is  directed  away  from 
it.  It  is  caused  by  a  want  of  balance  between  the  power  of  the 
muscles.  A  rude  simile  of  squint,  may  be  made  by  comparing 
the  ocular  muscles  to  the  reins  by  which  horses  are  guided,  one 
being  shorter  or  stronger  than  the  other,  so  that  the  head  of  the 
animal  cannot  easily  be  kept  straight.  Another  definition  of 
strabismus  is,  a  deviation  in  the  direction  of  the  eyes,  in  con- 
sequence of  which  the  hvo  yellow  spots  receive  images  from  dif- 
ferent objects  (Donders). 

This  deviation  has  many  causes :  Paralysis  of  a  muscle  or  set 
of  muscles  of  course  produces  it ;  but  here  we  discuss  that  form 
of  strabismus,  in  which  there  is  no  want  of  power  of  the  mus- 
cles,— no  paresis  nor  paralysis — but  that  condition  in  which  they 
do  not  act  in  unison,  and  a  deviation  of  the  eye  from  a  normal 
position  results,  although  the  power  of  the  muscle  to  act  singly 
remains  unimpaired.  Although  all  deviations  of  the  eye,  from 
the  imperfect  action  of  any  muscle  is  properly  called  strabismus, 
technically,  when  strabismus  is  spoken  of,  without  qualification, 
that  form  is  meant,  in  which  the  cause  is  found  in  want  of  equal 
action  of  the  muscles  without  any  impairment  of  their  power  of 
motion  when  acting  alone.  The  other  deviations  from  loss  of 
power  of  a  muscle  are  comprehended  under  paralysis. 
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The  four  chief  varieties  of  strabismus  are  strabismus  con- 
vergens,  strabismus  divergens,  strabismus  sursum  vergens,  and 
strabismus  deorsum  vergens.  The  most  important  of  these 
are  the  two  former  varieties.     The  first  will  now  be  discussed. 

In  strabismus  convergens  one  eye  is  deviated  inward,  while 
the  other  is  fixed  upon  the  object.  One  of  the  eyes  habitually 
deviates.  This  eye  is  generally  more  or  less 
amblyopic,  although  not  always  so.  In  other 
cases,  the  subject  squints,  first  with  one 
eye  and  then  with  the  other,  scarcely  seem- 
ing to  have  a  choice  as  to  which  is  used. 
In  such  cases,  the  vision  is  usually  found  to 
be  fairly  good  with  each  eye  and  about  the 
same  with  each ;  generally  it  is  at  least  f^. 
In  this  latter  fact,  is  to  be  found  the  reason 
that  one  eye  is  used  with  about  the  same 
facility  as  the  other.  In  all  cases  of  non- 
paralytic convergent  squint,  by  closing  one 
eye  and  causing  the  patient  to  fix  upon  the 
object  with  the  other,  it  is  possible  to  bring 
out  a  squint  in  the  shaded  eye.  If  it  be 
quickly  uncovered  and  observed,  it  will  be 
found  that  it  now  deviates  inward,  thus 
taking  the  place  of  the  one  that  habitu- 
ally   squints.      For   the    reason    then,    that 

J  l  Fig.    176.  —  Instrt-ment 

on  forced  fixation  with  either  eye,  the  other  for  measuring  the  degree 

■■  ,        .     .  .  ,       .  . ,   .        „  /.of  Deviation  in  Strabismus. 

always    deviates    inward,    m    this    form    of  This  the  patient  is  made  to 
strabismus,     I    discard    the  name    concomi-  «*  accurately  with  the  non- 

squinting  eye,    when  the  in- 
fant squint,  since  all  non-paralytic  squint  is  strument  is  held  along  the 

•  i  ti  i        edge  of  the  lid  with  the  cen- 

concomitant.     It    seems    to    me  an    utterly  tralmarkexactly  in  the  mid. 
unnecessary  term.     It  is  this  concomitance  aieottheiid.  The  number 

...  of  lines  of  deviation  of  the 

that  aids  us  m  separating  true  strabismus  pupii  from  this  win  mark 
from  paralytic  squint,     The  term  alternat-  the  degree  of  the  squint. 
ing,  as  applied  to  cases  that  squint  first  with  one  eye,  and  then 
with  the  other,  should  be  retained. 

It  is  proper  also  to  still  further  describe  strabismus  by  the 
adjective  periodic,  for  there  are  cases,  especially  those  in  which 
the  vision  of  one  eye  is  about  as  good  as  that  of  the  other,  where 
the  strabismus  only  appears  at  intervals,  and  then  again  disap- 
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pears.     In  these  cases,  it  is  most  apt  to  occur  after  some  ex- 
hausting illness,  or  great  fatigue,  or  the  like. 


CAUSES. 

The  causes  of  strabismus  convergens  are  not  decisively  settled, 
but  the  following  facts  are  fixed  in  connection  with  it : 

1.  It  is  usually  associated  with  hypermetropia  and  hyperme- 
tropic astigmatism.  Of  a  series  of  100  cases  operated  on  by 
myself,  there  was: 

Hypermetropia  in  both  eyes,  in 78  cases 

Hypermetropia  in  one  eye  and  hypermetropic  astigmatism 

in  the  other 5     " 

Hypermetropic  astigmatism  in  both  e3Tes 11     " 

Hypermetropic  astigmatism  in  one  eye  and  myopic  astigma- 
tism in  the  other 1  case 

Myopia  in  both  eyes 2  cases 

The  refraction  was  unrecorded  in 3     " 

Total 100 

In  an  additional  series  of  121  cases,  the  refraction  was  noted 
to  be  as  follows : 

H3^permetropia  in  both  eyes 75  cases 

Hypermetropia  in   one,  hypermetropic  astigmatism  in  the 

other 15     " 

Hypermetropic  astigmatism  in  one,  myopic  astigmatism  in 

the  other 2     " 

Hypermetropic  astigmatism  in  both  eyes 26     " 

Hypermetropic  astigmatism  in  one,  mixed  astigmatism  in 

the  other 2     " 

Myopic  astigmatism  in  both 1  case 

Total . 121 

Nearly  all  of  the  latter  series  were  observed  with  the  oph- 
thalmometer. The  proportion  of  cases  of  astigmatism  is,  there- 
fore, greater. 

I  have  found  a  very  large  proportion  of  cases  of  astigma- 
tism, especially  in  the  squinting  eye.      Had  I  used  the  ophthal- 
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monieter  in  the  first  series  of  LOO  cases  which  I  reported  as 
above,  I  think  the  same  proportion  would  have  been  shown. 
Strabismus  convergens  only  rarely  occurs  in  myopia,  and  then 
in  myopia  of  a  high  degree,  from  causes  that  will  be  discussed 
later. 

2.  In  about  75  per  cent  of  cases,  the  vision  of  one  eye  is 
markedly  less  than  that  of  the  other. 

There  are  some  unsettled  points,  concerning  which  high  au- 
thorities are  ranged  on  opposite  sides.  It  is  unsettled,  for  ex- 
ample, whether  the  amblyopia  above  mentioned,  is  a  congenital 
condition,  or  whether  it  is  an  amblyopia  acquired  as  a  result  of 
the  deviation  of  the  eye,  the  image  not  falling  on  the  same  part 
of  the  retina  in  the  two  eyes,  until  the  retina  is  finally  blunted, 
amblyopia  ex  anopsia  (from  not  seeing).  It  is  settled  that  a 
certain  degree  of  visual  power  is  lost  after  the  appearance  of  the 
squint,  and  that  this  part  may  be  restored  by  an  operation,  or 
by  glasses  that  will  bring  the  eyes  to  parallelism.  One  case  that 
illustrates  the  former  statement  occurred  in  my  practice,  when, 
in  a  squinting  family,  a  child  of  seven  years  of  age  had  no  squint 
at  the  time  of  examination,  but  was  said  to  squint  at  times. 
R.  and  L.  V.  =  |^  H.  -§■•  She  accepted  and  wore  +  y1^.  In 
four  years  after,  this  child  came  with  a  fixed  squint,  by  pref- 
erence in  the  right  eye,  and  the  vision  in  that  eye  was  re- 
duced to  YTnj-;  while  the  left,  the  non-squinting  eye,  remained  at 
§■§-.  The  examinations,  first  and  last,  were  made  with  great 
exactness  by  competent  men,  the  late  Dr.  Edward  T.  Ely  and 
ray  present  associate,  Dr.  J.  B.  Emerson,  and  I  have  no  doubt 
of  the  truth  of  the  observation.  I  advised  an  operation,  but  the 
case  disappeared  before  I  had  the  opportunity  of  making  the 
crucial  test  of  paralyzing  the  accommodation,  and  securing  the 
best  vision  possible  with  glasses  under  such  paralysis. 

IMPROVEMENT   IN  VISION   FROM   THE   OPERATION. 

Up  to  this  time,  I  have  been  unable  to  secure  any  better  vision 
after  the  operation,  than  I  have  obtained  before  it,  by  the  use  of 
atropia  and  correcting  glasses.  Imperfect  observation  lies  at  the 
basis  of  much  of  the  discrepancy  of  statement,  as  to  the  improve- 
ment of  vision  as  the  result  of  an  operation.  Patients  of  a  cer- 
tain class  always  see  better  after  they  have  learned,  not  the  letters 
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of  the  test-types,  so  as  to  memorize  them,  but  after  they  have 
become  accustomed  to  the  tests  (Pomeroy,  Schweigger).  We 
should  be  careful  not  to  conclude  that  a  patient  sees  better  from 
the  operation,  because  he  then  reads  a  line  or  so  of  Snellen  more 
than  he  did  before  it  was  performed.  That  much  improvement 
may  be  due  to  the  cause  just  mentioned,  and  to  the  letting  up 
in  the  spasm  of  accommodation  which  may  exist,  as  well  as  to 
the  proper  correction  of  the  anomaly  of  refraction.  The  fact 
that  squint  usually  occurs  before  the  child  knows  its  letters, 
renders  it  difficult,  if  not  impossible,  to  determine  what  the 
visual  power  is,  except  in  a  crude  way.  We  are  likely  to  re- 
main long  in  doubt  as  to  whether  the  amblyopia  is  congenital, 
and  whether  it  of  itself  is  one  of  the  causes  of  the  squint,  or 
whether  the  amblyopia  is  always  a  result  of  the  strabismus.  If 
a  few  such  cases  as  the  one  I  have  quoted  can  be  found,  and 
if  it  is  proven  that  atropia  and  glasses  do  not  very  soon  bring 
the  vision  back  to  the  original  normal  standard,  it  must  be  ad- 
mitted that  those  who  believe  in  amblyopia  ex  anopsia  have 
much  on  their  side. 

One  of  the  first  symptoms  of  cerebral  disease  (tumor)  is 
sometimes  strabismus  convergens,  not  paralytic.  In  one  sad 
case  that  was  under  my  care,  it  was  some  weeks  before  true 
paralysis  of  the  muscles  occurred,  although  the  squint  was  very 
marked  and  was  concomitant.  Subsequently,  the  paralysis 
was  plainly  apparent,  and  other  symptoms,  indicating  the  pres- 
ence of  a  lesion  in  the  brain.  Although  the  ophthalmoscope 
revealed  absolutely  nothing,  the  vision  declined  after  the  squint 
was  fairly  established,  from  f-|  to  -^iro-  I  do  not  think  this 
could  have  been  referred  to  pressure,  because  there  was  no 
papillitis  or  change  in  the  vessels.  The  amblyopia  seemed  to 
result  from  the  abnormal  position  of  the  eyes.  The  child  sub- 
sequently died  of  tumor  of  the  brain.  To  say,  however,  that 
there  is  amblyopia  after  squint  develops,  an  amblyopia  result- 
ing from  a  disregard  of  the  image  which  does  not  fall  upon 
the  macula,  but  upon  a  less  sensitive  portion  of  the  retina,  is 
very  far  from  saying  that  this  is  anything  more  than  a  func- 
tional disease,  which  may  be  immediately  corrected,  so  soon  as 
the  eyes  are  in  a  state  of  parallelism,  and  proper  glasses  are  ad- 
justed,  so  that   they  can  work  together.      The  question  is,  Is 


IMPROVEMENT    IN    VISION    FROM    THE    OPERATION.  551 

there  an  amblyopia  depending  on  organic  changes,  which  pro- 
duces the  squint,  or  does  the  squint  have  all  to  do  in  causing 
the  amblyopia?  In  my  judgment  both  statements  are  true; 
there  is  an  organic  and  congenital  amblyopia,  which  is  never 
relieved- — is  never  capable  of  being  relieved,  by  any  treatment; 
there  is  also  an  amblyopia  which  is  cured  under  the  circum- 
stances just  mentioned,  an  amblyopia  which  may  be  called 
functional.  In  the  former  case,  the  vision  is  defective  on  ac- 
count of  want  of  perceptive  power  from  organic  disease,  even  if 
we  cannot  recognize  it.  In  the  latter,  the  patient  simply  sup- 
presses the  image  to  avoid  diplopia.  Occasionally  cases  of  con- 
congenital  amblyopia  are  found,  in  which  squint  never  seems  to 
have  existed,  and  in  which  there  are  no  appearances  of  disease 
observed  with  the  ophthalmoscope. 

Javal  has  found  that  prolonged  use  of  the  amblyopic  eye,  after 
an  operation  for  squint,  has  resulted  in  improvement  of  vision, 
although  not  immediately.  His  mode  is  a  very  thorough  and 
lengthened  one,  lasting  for  years.  Such  an  one  I  have  not  un- 
dertaken, but  I  have  met  with  no  encouragement  in  the  cases 
where  I  have  had  the  same  eye  bandaged  three  to  four  times  a 
day  and  the  fellow-eye  exercised  on  fine  print.  With  the  ear- 
nest co-operation  of  the  parents,  I  have  had  no  results  from  this 
system,  and  I  have  long  since  abandoned  it.  I  think  all  the 
benefit  which  results  in  curing  the  amblyopia  is  achieved  in  a 
very  few  days  after  the  eyes  are  in  a  state  of  parallelism,  and 
the  proper  glasses  are  adjusted.  In  other  words,  the  func- 
tional amblyopia  may  be  relieved  in  a  short  time,  and  the  or- 
ganic never. 

The  following  facts  show  that  organic  amblyopia  may  cause 
squint.  A  patient  operated  on  for  cataract  in  one  eye,  while 
the  other  remains  blind,  recovering  his  sight  in  the  eye  operated 
upon,  will  often  deviate  the  blind  one  inward.  Again,  in  cases 
where  both  eyes  have  been  operated  upon,  and  for  a  time  act  to- 
gether, if  a  membrane  forms  on  one,  disabling  it  for  ordinary 
use,  it  may  turn  inward. 

Then  again  opacities  of  the  cornea  occur,  and  subsequently 
the  obscured  or  partially  obscured  eye  begins  to  squint.  It  may 
be  answered  to  this,  as  Donders  does,  that  were  these  persons 
emmetropic,   they  would  not  squint,  the  opacity  or  obscuration 
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being  only,  so  to  speak,  provocations  to  squint  in  eyes  already 
adapted  to  this  deformity.  The  investigations  of  our  own  time 
have  shown  that  a  moderate  degree  of  hypermetropia  is  almost, 
if  not  quite,  a  normal  condition.  It  cannot  be  that  this  condi- 
tion of  the  refraction  is  of  itself  sufficient  to  cause  strabismus 
convergens,  although  some  plausibility  is  given  to  this  theory 
because  a  hypermetropic  eyeball  generally  exists  with  con- 
vergent strabismus.  To  this,  however,  must  usually  be  added 
anisometropia,  and  persons  who  are  not  naturally  anisometropia 
but  who  have  become  so,  may  soon  squint. 

The  convergent  squint  of  myopes  is  only  what  Donders  de- 
scribed it,  the  inability  of  the  very  much  elongated  eyeball  to 
assume  a  straight  position.  The  shape  of  the  eyeball  here  is  a 
mechanical  or  anatomical  cause. 

In  all  this  discussion,  it  should  always  be  remembered  that 
strabismus  is  but  a  symptom.  It  occurs  in  central  disease,  in 
spinal  disease,  in  disused  eyes,  as  well  as  in  paresis  of  the  muscles. 
It  has  been  so  much  the  custom  to  write  of  the  symptom  as 
as  if  it  were  a  disease,  that  it  is  now  impossible  to  properly 
discuss  convergent  and  divergent  squint,  except  as  coincident 
with,  if  not  directly  caused  by,  refractive  anomalies.  In  doing 
so,  however,  it  will  be  remembered,  that  squint  not  dependent 
upon  a  refractive  error  is  fully  recognized.  All  the  evidence 
goes  to  show  that  a  very  prominent  cause  of  strabismus  is  in- 
ability to  procure  binocular  single  vision.  Such  evidence  is  found 
in  the  fact  already  noted  that  patients  who  acquire  opacities  of 
the  cornea  and  cataract  in  one  eye  readily  squint. 

Anisometropia  frequently  attends  strabismus  convergens. 
All  careful  observations  of  strabismus  show  that  my  estimated 
percentage  of  seventy-five,  in  which  the  vision  is  very  much 
impaired  in  the  squinting  eye,  is  not  too  large. 

The  conclusions  to  which  I  have  thus  far  come  in  the  etiology 
of  strabismus  convergens  of  the  type  now  under  discussion— 
that  is,  occurring  in  connection  is  with  refractive  error — are : 

I.  Convergent  squint  is  generally  associated  with  hyperme- 
tropic astigmatism  or  hypermetropia. 

II.  It  is  probably  caused  by  the  congenital  anisometropia, 
in  the  majority  of  cases,  that  is  to  say,  by  the  inability  to  secure 
binocular  single  vision. 
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III.  In  a  small  contingent  it  is  associated  with  equal  vision  in 
each  eye.  In  such  cases,  the  patient  fixes  with  either  eye  al- 
ternately. Why  the  strahismus  then  occurs  is  to  me  uncertain. 
If  it  were  merely  from  hypermetropia,  why  do  not  nearly  all 
people  who  are  not  myopic  squint? 

I  V.  <  Opacities  of  the  cornea,  or  occlusion  of  the  pupil  of  one 
eve,  very  much  favor  the  occurrence  of  squint  in  eyes  of  any 
refraction. 

V.  If  strahismus  convergens  he  caused  chiefly  by  anisome- 
tropia and  refractive  anomaly,  it  is  not  congenital,  but  occurs 
at  the  age  of  from  two  to  five  years. 

VI.  If  congenital  squint  or  organic  disease  of  the  retina  exists 
suspicion  should  he  excited  that  it  is  caused  by  central  disease. 

Quite  often  little  patients  are  brought  to  ophthalmic  clinics 
with  strabismus  in  its  early  stages  and  which  is  not  paralytic, 
who  are  found  to  have  neuritis  optica.  Every  careful  observer 
will  take  great  pains  to  determine  in  a  given  case  of  suddenly 
occurring  strabismus,  that  there  be  not  some  cerebral  lesion. 
During  dentition,  certain  children  are  apt  to  squint.  This,  I 
think,  may  fairly  be  ascribed  to  cerebral  irritation,  and  not  to 
refractive  error,  although  here  again  it  may  be  asserted  that 
the  conditions  for  squint  exist  in  the  refraction,  or  it  would  not 
have  occurred.  The  pendulum,  however,  is  swinging  backward 
on  this  subject  of  the  all-sufficiency  of  so-called  refractive 
anomalies  to  cause  innumerable  symptoms.  Since  the  rarity 
of  the  ideal  or  emmetropic  eye  has  been  demonstrated,  we  are 
becoming  more  guarded  in  ascribing  strabismus  to  a  very  com- 
mon, almost  universal  deviation  from  the  normal  type,  such  as 
a  moderate  degree  of  hypermetropia,  the  same  in  each  eye. 

It  is  possible  that  central  irritation  and  central  lesions,  have 
more  to  do  with  even  the  ordinary  type  of  strabismus  conver- 
gens, than  has  been  generally  supposed.  At  any  rate,  as  a  symp- 
tom, it  may  depend  on  varied  conditions,  but  I  still  incline  to 
the  belief  that  the  most  prominent  factor  in  producing  a  con- 
vergent strabismus  in  children,  is  a  very  marked  difference  in 
the  refraction  of  the  two  eyes.  The  attempt  to  see  clearly  brings 
on  excessive  convergence,  which  finally  causes  the  permanent 
crossing  of  the  optic  axes.  This,  of  course,  is  essentially  Donders' 
theory.     Where  he  laid  great  stress  on  hypermetropia   alone, 
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I  ascribe  it  to  a  high  degree  of  hypermetropia  or  hypermetropic 
astigmatism  in  one  eye,  sufficient  to  produce  what  may  be  fairly 
termed  an  organic  amblyopia.  Such  an  eye  is  an  undeveloped 
eye,  and  the  rods  and  cones  may  be  deficient. 

This  subject  has  been  so  fully  discussed  under  the  considera- 
tion of  hypermetropia  and  hypermetropic  astigmatism,  that  it  is 
not  necessary  to  say  any  more  upon  it  at  this  point.  The  eti- 
ology of  strabismus  cannot  be  said  to  be  settled.  We  can  only, 
I  think,  as  yet,  produce  the  facts  which  have  been  observed  in 
connection  with  the  condition,  and,  according  to  the  individual 
trend  of  mind,  conclude  which  of  the  varied  conditions  as  to 
causation  are  correct. 

But  the  myopathic  or  muscular  theory,  that  changes  in  the 
muscles  themselves  have  produced  the  contraction,  in  my  judg- 
ment, has  no  position  whatever.  That  there  is  in  long-continued 
squint  an  apparent  shortening  of  the  muscle,  is  evident  to  every 
observer,  but  it  is  only  apparent,  as  can  be  demonstrated  by  the 
use  of  a  mydriatic,  by  which  the  accommodation  is  paralyzed, 
when  the  squint  can  often  be  overcome,  even  in  long-standing 
cases.  Hansen-Grut's  innervation  theory  does  not  seem  to  me 
to  explain  anything.  It  is  simply  a  statement  that  squinting  is 
a  mere  phenomenon  of  innervation.  This  is  perhaps  true,  and 
is,  as  Berry  says,  an  extension  of  Donders'  view  to  its  natural  con- 
clusion, which  is,  that  squinting  arises  when  the  normal  rela- 
tion between  the  accommodation  and  convergence  is  disturbed, 
or  the  abnormal  situation  of  the  range  of  accommodation  is  af- 
fected. 

TREATMENT. 

The  kind  of  strabismus  that  we  have  been  discussing,  con- 
vergent, usually  associated  with  anisometropia,  with  no  diminu- 
tion of  the  power  of  the  muscles,  they  moving  freely  in 
every  direction,  is  amenable  to  carefully  conducted  treat- 
ment. When  the  mobility  of  the  muscle  has  never  been  im- 
paired and  fixation  occurs  with  one  eye  only,  as  obtains  in 
many  cases  in  squint  of  a  marked  type  in  high  degrees  of 
astigmatism  or  hypermetropia,  the  cases  demand  a  special 
consideration.  But  in  the  typical  cases,  the  course  of  a 
surgeon  is  clear.     In  case  the  subject  fixes  with  either  eye,  and 
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vision  is  about  the  same  in  each  eye,  it  is  well,  especially  if  the 
squint  be  not  one  of  more  than  two  lines,  to  attempt  a  correction, 
by  the  use  of  correcting  glasses.  The  astigmatism,  especially, 
should  be  corrected  and  the  glasses  worn  habitually  in  all  oc- 
cupations, in  case  a  cure  is  attempted  by  this  means.  It  should 
be  persevered  in  for  at  least  three  months,  before  it  is  abandoned. 
This  treatment  will  usually  fail.  That  it  does  not  often  succeed 
is  marvellous,  when  we  know,  from  observation  on  many  cases, 
that  the  squint  of  childhood  is  frequently  outgrown. 

In  saying  it  is  often  outgrown,  I  mean  that  we  have  authen- 
tic histories  of  many  cases,  where  there  was  marked  convergent 
squint  for  several  years,  and  when  the  patient  presents  him- 
self to  the  oculist  no  deformity  whatever  exists;  yet  in  these 
cases,  what  we  consider  an  exciting  cause  of  squint,  that  is  to 
say,  unequal  power  of  vision  in  the  two  eyes,  with  a  marked 
difference  in  the  refraction  also,  is  very  often  found.  Con- 
stantly, in  studying  strabismus,  we  meet  with  cases  which  are 
not  in  accord  with  any  exclusive  theory  as  at  present  understood, 
and  there  is  no  doubt,  as  was  said  in  the  beginning,  that  much 
remains  to  be  learned  in  regard  to  this  subject. 

The  treatment  by  atropia  is  often  combined  with  that  with 
glasses.  The  atropia  is  made  strong  enough,  four  grains  to  the 
ounce,  to  completely  paralyze  the  accommodation  and  keep  it 
thus.  For  this  purpose,  it  is  well  to  instill  the  solution  at  first, 
three  times  a  day,  and  subsequently  when  paralysis  is  well 
established,  once  or  twice  a  day.  The  danger  of  atropia  poison- 
ing, is  always  to  be  considered.  It  is  well  to  apply  the  solution 
after  eating,  also  to  take  great  pains  not  to  allow  it  to  enter 
into  the  puncta  and  then  into  the  nose.  It  is  seldom  that 
atropia  poisoning  is  produced  by  instillations  in  the  eye,  but 
at  times  it  occurs.  Hydrobromate  of  scopolamine  is  perhaps 
even  more  efficient  than  atropia  in  paralyzing  the  accommoda- 
tion, and  may  be  used  in  the  same  manner,  but  of  the  strength 
of  one  grain  to  the  ounce. 

I  do  not  think  homatropine  compares  favorably  with  atropia 
or  scopolamine,  in  their  effects  upon  the  accommodation.  When 
the  squint  is  a  confirmed  one.  or  when  the  squinting  eye  is  am- 
blyopic, it  is  very  rare  inaeed  that  this  treatment,  of  using  a 
m}'driatic,  has  any  marked  effect,  but  it  ought  always  to  be  tried 
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in  the  class  of  cases  that  I  have  enumerated,  and  also  in  children 
too  young  to  be  subjected  to  an  operation. 

An  operation  will  then  be  resorted  to.  It  is  proper  to  inform 
the  patients,  or  those  responsible  for  them,  that  more  than  one 
operation  may  be  required ;  that  to  have  an  operation  performed 
for  squint,  is  to  enter  upon  a  course  of  treatment,  which  may  be 
prolonged  for  weeks  or  even  months  after  the  operation.  With 
this  preliminary  understanding,  there  is  no  difficulty  in  main- 
taining the  care  of  the  case,  until  the  final  permanent  equilibrium 
of  the  muscles  is  obtained.  After  one  operation,  the  patient 
is  to  be  carefully  observed  for  some  weeks.  If,  in  two  or  three 
weeks,  it  is  certain  that  with  glasses  a  sufficient  result  has  not 
been  attained,  the  corresponding  muscle  of  the  fellow-eye  is  to 
be  detached  and  the  same  watchfulness  observed.  Usually  two 
operations  are  sufficient,  and  in  very  many  cases  one  is  enough. 
It  is  well  to  be  slow  in  deciding  upon  a  second  eye,  for  an  ex- 
cessive effect  is  easily  produced.  When  equilibrium  is  restored, 
the  proper  glasses  should  be  constant^  worn,  both  for  near  and 
far.  In  time,  many  patients  will  leave  them  off  for  the  dis- 
tance, if  they  do  not  improve  the  vision,  and  some  few  will  be 
able  to  exercise  their  accommodation,  for  the  near  even,  with- 
out producing  a  squint,  and  not  wear  glasses.  My  present  plan 
in  prescribing  glasses  for  strabismic  patients,  on  whom  I  am 
about  to  operate,  is  to  choose  the  glasses  before  the  operation  is 
performed,  so  that  they  may  be  ready,  the  moment  it  is  over,  to 
wear  them.  They  can  usually  be  worn  within  twenty-four  hours 
even  if  some  considerable  reaction  follows  the  separation  of  the 
muscle. 

The  after-treatment  consists  in  the  application  of  iced  cloths 
for  a  few  hours.  If  squint  remains,  atropia  or  scopolamine  is  to 
be  used  on  the  same  day,  to  paralyze  the  accommodation.  This 
with  the  operation  will  often  be  sufficient  to  keep  the  eyes 
straight.  If  it  be  so,  it  is  an  indication,  not  a  positive  one,  how- 
ever, that  a  second  one  will  not  be  needed.  This  operation  is 
one  that  may  safely  be  performed  at  clinics  or  in  the  physician's 
consulting  rooms,  and  the  patient  allowed  to  go  home.  The  eye 
operated  upon,  should  be  protected  from  dirt  and  strong  air  by  a 
bandage,  which  should  be  removed  as  soon  as  the  patient  has 
reached  home,  and  not  reapplied  under  ordinary  circumstances. 
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The  next  day,  colored  glasses  should  be  worn  in  the  air,  but 
no  covering  is  needed  in-doors.  Some  prudence  should  be  shown 
as  to  being  in  a  glare  of  light,  while  dusty,  smoky,  or  dirty 
places  should  be  sedulously  avoided,  lest  infection  of  the  con- 
junctiva and  inflammation  of  Tenon's  capsule  occur. 

RESULTS   OF   THE   OPERATION. 

Although  a  great  deal  of  doubt  has  been  thrown  upon  the 
result  of  the  operation  for  strabismus  by  certain  writers,  I  do 
not  share  their  apprehensions  as  to  a  favorable  result,  in  care- 
fully chosen  cases.  The  older  operation  was  unsuccessful  be- 
cause it  was  supposed  that  it  was  simply  necessary  to  divide  the 
muscle,  and,  as  is  well  known,  after  Dieffenbach  first  promul- 
gated it,  it  was  simply  looked  upon  as  a  division  of  the  muscle, 
similar  to  the  division  of  the  tendo  Achilles  in  club-foot.  But  in 
club-foot,  the  surgeon  was  very  careful  to  use  bandages  and 
splints  in  order  to  preserve  the  position  which  the  division  of  the 
tendon  allowed  the  foot  to  assume.  The  analogy  was  forgotten 
by  the  surgeons  of  an  early  period,  and  they  divided  the  muscle, 
looked  at  the  apparent  improvement  in  the  condition  of  things 
which  occurred  immediately  after  the  operation,  and  called  the 
case  cured.  It  was,  of  course,  a  mere  chance,  if  any  such  case 
was  cured,  and,  worse  than  this,  divergent  strabismus  very  often 
resulted,  and  the  last  condition  of  that  patient  was  worse  than 
the  first.  All  ophthalmic  surgeons  of  our  time,  have  been  called 
upon  to  remedy  the  effects  of  such  operations  by  fishing  up  the 
divided  muscle,  reuniting  it  to  the  globe,  and  dividing  its  fellow. 
We  are  sometimes  obliged  to  do  this  in  operations  performed 
under  our  present  state  of  knowledge,  where  excessive  effect  is 
produced,  but  it  is  very  rare  that  this  occurs  with  the  rules  now 
followed,  and  when  it  does  it  is  generally  sufficient  to  separate 
the  external  rectus  from  its  attachment,  when  the  excessive 
effect  is  overcome.  I  consider  that  if  the  surgeon  have  complete 
charge  of  the  cases,  be  allowed  to  operate,  if  necessary,  two, 
three,  or  four  times,  and  if  the  rules  I  have  given  be  followed, 
success  is  almost  certain.  Indeed,  I  should  put  it  down  from 
my  own  carefully  collated  experience,  both  in  private  and  hospital 
practice,  at  as  high  a  percentage,  of  complete  cure  of  the  de- 
formity, as  ninety- five.     In  making  this  estimate,  I  include  cases 
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where  the  surgeon  is  not  allowed  to  have  the  complete  control, 
where  the  second  operation  has  been  declined,  where  patients 
have  wilfully  disobeyed  injunctions  as  to  cleanliness,  wearing 
glasses,  and  so  forth. 

To  recapitulate:  1st,  the  operation  for  convergent  strabismus 
should  not  be  performed  on  patients  who  have  not  learned  to 
use  their  eyes  in  reading  and  writing  and  the  like — in  other 
words,  patients  less  than  six  years  of  age. 

2d.  The  refraction  should  be  carefully  estimated  with  the 
ophthalmometer  and  glasses,  and,  if  necessary,  a  mydriatic,  be- 
fore any  operation  is  attempted. 

3d.  These  glasses  should  be  worn  for  a  few  days  or  weeks, 
according  to  circumstances,  unless  it  is  thoroughly  established 
that  the  squint  is  fixed,  and  that  no  periodicity  in  the  excessive 
convergence  occurs. 

4th.  The  operation  on  the  fellow-muscle  should  not  be  per- 
formed in  less  than  two  weeks  after  the  first  muscle  has  been 
divided. 

5th.  A  mydriatic  should  be  used  after  the  operation  for  at 
least  ten  days,  unless  sufficient  effect  to  remove  the  deformity 
is  at  once  produced.  If  an  effect  is  produced  immediately  after 
the  operation  by  the  separation  of  the  muscle,  and  it  disappears 
in  a  few  days,  the  mydriatic  should  again  be  used  in  connection 
with  the  glasses,  or  if  the  glasses  alone  are  sufficient,  they  should 
be  worn. 

6th.  Usually  glasses  will  be  required  for  from  one  to  two 
years  both  for  the  distance  and  near,  but  in  many  cases  they 
need  only  be  used  for  close  work  after  the  first  year  or  two.  In 
rare  cases,  in  low  degrees  of  hypermetropia,  they  need  not  be 
used  at  all. 

A  great  deal  has  been  said  about  partial  tenotomies  in  some 
modern  writings.  I  recommend  operations  only  for  strabismus 
producing  deformities.  In  latent  squints  I  perform  no  opera- 
tions. In  all  cases  the  muscle  should  be  fully  separated  from 
its  attachments.  Partial  tenotomies  are  in  my  judgment  illusory 
in  their  effects.  Instead  of  a  second  separation  of  the  same 
muscle,  the  external  rectus  muscle  of  the  same  eye,  may  be 
brought  forward  with  good  results.  I  think  this  operation  for 
an  increase  in  the  power  of  the  external  rectus  is  better  than 
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repeated  separations  of  the  internal  straight  muscle,  in  obstinate 
cases  of  convergent  squint. 

It  is  somewhat  remarkable  that  the  deformity  is  neverthe- 
less corrected  in  such  a  very  large  percentage  of  cases,  al- 
though the  operation  for  convergent  strabismus,  fails  to  pro- 
duce the  capability  for  binocular  single  vision  with  glasses.  It 
cannot  be,  therefore,  that  the  want  of  binocular  single  vision  is 
the  sole  factor  in  the  production  of  the  deviation,  for,  while  we 
do  not  generally  alter  this  condition  by  an  operation,  yet  we  re- 
move the  squint,  or  we  put  the  muscles  in  such  a  condition  that 
glasses  will  remove  it. 

DIVERGENT   STRABISMUS. 

In  divergent  strabismus  one  eye  is  fixed  upon  the  object, 
while  the  other  looks  away  from  it — diverges. 

This  form  of  deviation  of  the  eyeball,  is  much  less  common 
than  convergent  strabismus.  It  is  thought  to  occur  chiefly 
in  myopic  eyes,  unless  it  be  the  result  of  an  operation  for 
convergent  strabismus  where,  as  is  well  known,  in  some  in- 
stances, in  consequence  of  improper  division  of  the  muscle,  or 
inability  on  the  part  of  the  patient  to  return  to  the  surgeon,  di- 
vergence takes  the  place  of  convergence.  Very  strong  conver- 
gence is  often  required  in  myopia,  and  yet  may  be  difficult  on 
account  of  the  shape  of  the  eyeball.  The  internal  recti  become 
overstrained,  and  one  eye  deviates  outward.  Then  when  the 
refraction  is  very  different  in  the  two  eyes,  one  being,  for  ex- 
ample, moderately  myopic,  and  the  other  excessively  so,  binoc- 
ular vision  is  impossible,  and  divergence  quite  frequently  occurs. 
We  are  now  speaking  of  strabismus  divergens  dependent  upon 
these  conditions,  and  not  upon  paralysis,  which  will  be  discussed 
in  a  subsequent  chapter. 

Donders '  was  the  first  author  to  call  attention  to  the  rela- 
tion between  divergent  strabismus  and  myopia,  which  he  thought 
to  be  the  same  as  that  of  convergent  strabismus  to  hyperme- 
tropia.  But  he  taught  that  the  divergent  strabismus  of  myopia 
was  due  to  the  distention  and  altered  form  of  the  eyeball,  which 
brings  the  centre  of  motion  in  the  myopic  eye,  "absolutely  far- 

1  "Accommodation  and  Refraction.  "  p.  403. 
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ther  from  the  posterior  surface  of  the  sclerotica  than  in  the 
emmetropic." 

In  22  consecutive  cases  of  divergent  strabismus,  observed 
by  myself,  there  was  hypermetropia  in  6  cases,  hypermetropic 
astigmatism  in  one,  and  myopic  astigmatism  in  the  other  eye  in 
1  case,  compound  hyperopic  astigmatism  in  1,  simple  hyperopic 
astigmatism  in  4  cases,  while  myopia  existed  in  6  cases,  myopic 
astigmatism  in  3,  mixed  astigmatism  in  1. 

It  is  rather  remarkable  in  this  short  series  of  cases,  that  there 
was  such  a  proportion  of  hypermetropic  refraction  with  insuffi- 
ciency of  the  interni.  Usually,  the  proportion  of  myopia  is 
larger,  yet  it  is  not  at  all  rare  to  find  divergence  with  hyperme- 
tropic refraction. 

While  it  remains  true,  as  Donders  demonstrated,  that  weak- 
ness of  the  interni  and  absolute  divergence  of  the  eye,  are  directly 
associated  with  myopia,  it  is  also  true  that  there  is  a  class  of 
cases  of  divergent  strabismus  that  are  associated  with  hyperme- 
tropia. But  insufficiency  of  the  interni,  rather  than  a  constant 
divergent  squint,  is  the  rule,  in  the  cases  of  hypermetropia  that 
are  associated  with  this  weakened  muscular  condition.  For 
example,  a  very  neurotic  patient,  anaemic  from  a  long  course  of 
injudicious  treatment  and  improj3er  hygiene,  becomes  unable  to 
fix  her  eyes  upon  any  near  object  for  any  length  of  time.  This 
occurs  from  want  of  accommodative  power,  that  is  to  say,  weak- 
ness of  the  ciliary  muscle,  as  well  as  of  the  interni.  This  con- 
dition may  be  said  to  be  intermittent,  for  the  eyes  are  usually 
straight.  It  is  not  to  be  relieved  b}r  local  measures,  but  by  a 
long  course  of  treatment  directed  to  the  general  health,  especially 
that  of  the  nervous  system.  Some  of  these  patients  have  no  as- 
tigmatism whatever,  only  a  moderate  degree  of  hypermetropia. 
When  they  have  astigmatism,  the  correction  of  it  will  play  an 
important  part  in  relieving  the  weakness  of  the  muscles.  I 
have  seen  cases  of  general  disease,  Bright's  disease  of  the  kid- 
neys, locomotor  ataxia,  with  consequent  great  weakness  of  the 
ocular  muscles,  that  were  being  treated  by  prisms,  and  for  which 
tenotomies  were  advised.  No  operation  for  insufficiency  should 
be  undertaken,  unless  a  thorough  adjustment  of  glasses  has  been 
accomplished,  which  fails  to  relieve  the  defect.  The  so-called 
muscular  asthenopia  of  later  days  is  founded  on  these  cases. 
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Graefe's  discussions,  however,  are  founded  upon  cases  of  in- 
sufficiency occurring  with  myopic  refraction.  This  great  ob- 
server never  went  to  the  lengths  of  some  modern  writers,  who 
seem  to  consider  the  action  of  the  ocular  muscles  as  independent 
of  the  shape  of  the  eyeball,  the  corneal  or  axial  refraction,  or 
the  general  muscular  ability  of  the  subject  who  is  being  tested. 

It  is  very  often  sufficient  in  intermittent  divergent  strabismus, 
occurring  in  connection  with  hypermetropia  or  hypermetropic 
astigmatism,  to  adjust  the  proper  glasses,  and  limit  the  amount 
of  work  required  of  the  eyes  for  a  time,  in  order  to  bring  back 
permanent  equilibrium.  Neurotic  women,  and  those  suffering 
from  uterine  disease,  having  a  hypermetropic  conformation  of 
the  eyeball,  sometimes  suffer  from  periodic  insufficiency  of  the 
interni,  which  is  relieved  when  the  general  condition  is  improved, 
or  when  the  disease  is  recovered  from.  Uterine  irritation  is  a 
prolific  source  of  inability  to  continue  to  use  the  eyes,  an  in- 
ability which  sometimes  cannot  at  all  be  relieved  by  even  the 
most  careful  adjustment  of  glasses,  when  there  is  a  decided  error 
of  refraction.  When  there  is  no  marked  error,  glasses  do  no 
good  whatever. 

The  treatment  for  marked  and  constant  divergent  squint, 
dependent  on  a  refractive  condition,  is  naturally  to  separate  the 
opposite  muscle,  the  external  rectus,  from  its  attachment,  with 
the  hope  of  weakening  it  so  much  that  the  equilibrium  may  be 
restored  if  the  proper  glasses  be  worn.  This  cannot,  however, 
always  be  accomplished,  and  the  fellow-muscle  of  the  opposite  eye 
must  also  be  separated,  so  as  to  increase  the  effect,  and,  if  this 
fail,  the  internal  rectus  muscle  must  be  brought  forward.  These 
operations  have  already  been  described  in  the  appropriate  chapter. 

Where  divergent  squint  is  intermittent,  and  we  have  simply 
great  insufficiency  of  the  interni,  an  operation  is  also  justified, 
in  case  the  patient  is  more  than  twelve  years  of  age,  and  if  very 
great  asthenopia  or  if  double  vision  occur,  which  cannot  be  re- 
lieved by  the  adjustment  of  the  proper  glasses. 

Operations  for  divergent  strabismus,  except  for  those  cases 

arising  from  an  excessive  effect  from  a  previous  operation  for 

convergent  squint,  are  not  so  uniformly  successful  as  those  for 

convergent  strabismus.     In  fixed  paralytic  divergent  strabismus 

they  are  often  unsuccessful. 
36 
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Divergent  squint  resulting  from  excessive  effect  of  opera- 
tions for  convergent  strabismus,  is  not  so  difficult  to  manage  as 
that  resulting  from  myopia,  and  can  generally  be  corrected  by 
division  of  both  externi,  and  by  searching  for,  bringing  up,  and 
reattaching  the  once  separated  internal  rectus.  Operations  for 
this  purpose  have  also  been  described  in  the  appropriate  chapter. 
It  may  be  said  in  general  terms,  that  insufncency  of  the  interni, 
and  divergent  squint,  are  more  frequently  associated  with 
hypermetropia,  than  Graefe  and  Donders  seem  to  have  thought, 
and  that  they  are  more  amenable  to  treatment  than  the  forms 
connected  with  myopic  refraction. 


STRABISMUS    DEORSUM    VERGENS    (contraction   from  de-vorsum,  turned 
down)    AND  SURSUM  VERGENS   (opposite  of  deorsum  vergens,  upward). 

There  may  be  an  upward  squint,  strabismus  sursum  vergens, 
and  a  downward  squint,  strabismus  deorsum  vergens.  In  very 
rare  cases,  the  upward  squint  may  follow  an  operation  for  con- 
vergent strabismus.  It  may  be  necessary  here,  in  these  rare 
cases,  to  perform  operations  on  the  superior  or  inferior  rectus. 
The  same  principles  of  operation  hold  good  here,  as  in  the  more 
common  forms  of  convergent  and  divergent  strabismus., 
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PARALYSIS   OF   THE   MUSCLES    OF  THE    EYE. 
NYSTAGMUS. 

Paralysis  may  be  Partial  or  Complete. — Paralytic  Strabismus. — Causes  of  Pa- 
ralysis of  Ocular  Muscles. — Graefe's  Percentage. — Dr.  Emerson's  Tables. — 
The  Author's. — Paralysis  of  the  Iris. — Ptosis. — Paralysis  of  the  Seventh. — 
The  Diplopia  in  Paralysis. — The  Third  Nerve,  Recurrent  Paralysis  of. — The 
Sixth. — The  Fourth. — Ophthalmoplegia — Nystagmus. 

Paralysis  of  the  motor  nerves  of  the  eyeball  may  occur 
partially  or  completely.  For  example,  the  branch  of  the  third 
nerve,  supplying  the  elevator  of  the  upper  lid,  may  be  alone 
affected,  or  it  may  be  paralyzed  in  conjunction  with  that  sup- 
plying the  internal  rectus  and  the  pupil.  Again  the  sixth  nerve, 
supplying  the  external  rectus,  may  alone  be  paralyzed,  and  so  on, 
in  as  many  varieties  as  the  nerve  supply  of  the  muscles  allows. 
The  nerves  may  be  completely  or  partially  deprived  of  power. 
The  paralysis  may  be  complete  or  partial.  It  is  customary  to 
speak  of  partial  paralysis  as  paresis,  although  there  is  no  essen- 
tial difference  between  paresis  and  paralysis,  except  in  the  com- 
pleteness of  the  affection  of  the  muscle.  A  paralysis  of  the  ex- 
ternal muscles,  may  be  very  evident  to  ordinary  observation  and 
result  in  a  fixed  squint,  or  it  may  be  so  slight  as  not  to  be  dis- 
covered by  any  appearance  of  the  eye.  The  patient  himself, 
however,  always  knows  which  eye  is  affected.  It  is  by  the 
patient's  aid  and  by  locating  the  character  of  the  double  vision 
in  these  cases  of  paralysis  of  the  external  muscles,  that  we  de- 
termine which  nerves  are  affected. 

The  causes  of  paralysis  are  very  often  obscure.  It  may 
come  from  pressure  on  the  nerve,  from  local  inflammation  (neu- 
ritis), from  cerebral  or  orbital  diseases,  from  syphilis  or  rheuma- 
tism, or  a  gouty  diathesis.  Paralysis  of  certain  muscles  may 
result  from  an  exposure  to  a  strong  draft  of  air.  A  paralytic 
squint  is  entirely  different  from  the  strabismus  that  has  been 
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discussed  in  the  preceding  chapter,  from  the  fact  that  the  sec- 
ondary deviation  is  greater  than  the  primary,  instead  of  being 
equal  to  it  as  it  is  in  strabismus.  This  is  because  the  de- 
ficient innervation  of  the  paralyzed  muscle  demands  a  greater 
effort  than  is  normal  to  bring  the  eye  into  a  given  position,  and 
this  being  reflected  upon  the  healthy  muscle  of  the  other  eye, 
causes  a  disproportionate  secondary  deviation.  The  most  fre- 
quent paralyses  of  the  ocular  muscles  are  of  those  supplied  by 
the  third  and  the  sixth  cerebral  nerves. 

SYPHILIS  AS  A  CAUSE  OF  PARALYSIS. 

It  is  quite  generally  assumed  that  paralyses  of  the  ocular 
muscles  are  dependent  upon  syphilis  in  half  the  cases.  This  de- 
pends on  the  statements  of  Graefe  in  1858. 

Dr.  J.  B.  Emerson,  1886,1  made  an  examination  of  all  the 
cases  of  paresis  of  the  ocular  muscle  that  had  been  seen  by  him- 
self and  myself,  for  three  years.  There  were  36  cases  of  paresis 
of  the  third  nerve,  23  cases  of  paresis  of  the  sixth  nerve,  3  cases 
of  paresis  of  the  fourth  nerve,  2  cases  of  ophthalmoplegia  ex- 
terna; a  total  of  64  cases.  Eighteen  of  these  had  a  history  of 
syphilis.  In  28  there  was  some  other  known  cause,  and  in  8  the 
cause  was  unknown.  This  gives  a  percentage  of  28  with  specific- 
history,  and  if  we  consider,  as  Dr.  Emerson  says,  the  unknown 
cases  to  have  been  syphilitic,  a  percentage  of  56.  Of  the  64 
cases,  44  were  males  and  20  females.  Of  the  44  males,  16  had 
a  specific  history,  and  in  10  the  cause  was  unknown.  This  is  a 
percentage  of  36.3  for  males,  or,  if  we  assume  the  10  unknown 
cases  due  to  syphilis,  a  percentage  of  29.  Of  the  20  females,  '2 
had  a  specific  history,  and  in  8  the  cause  was  unknown.  This 
is  a  percentage  of  10  for  the  females,  or,  if  we  add  the  unknown 
cases,  a  percentage  of  50.  Both  of  the  cases  of  ophthalmoplegia 
externa,  one  occurring  in  a  boy  of  nineteen  and  the  other  in  a 
man  of  thirty,  were  bilateral.  There  was  no  specific  history  in 
either  case,  and  they  did  not  improve  when  placed  under  treat- 
ment by  mercury  and  iodide  of  potassium.  One  of  the  cases  of 
paresis  of  the  sixth  nerve,  was  in  a  woman  of  sixty-three,  who 
said  she  was  struck  by  lightning  when  she  was  five  years  of  age. 
Her  eyes  had  turned  in  ever  since. 

1  Quarterly  Bulletin,  Post-Graduate  Medical  School,  p.  336. 
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Dr.  Emerson  remarks  that  to  obtain  the  high  percentage 
claimed  by  Von  Graefe  and  others,  of  syphilis  as  a  cause,  we  are 
compelled  to  attribute  to  this  all  cases  in  which  we  can  find  no 
cause  for  the  paralysis.  This  he  hardly  thinks  justifiable,  and 
I  agree  with  him  that  it  is  not  just  to  do  so  positively.  But, 
judging  from  the  number  of  cases  of  syphilis  in  persons  who  are 
not  aware  of  the  fact,  who  are  too  ignorant  to  describe  their 
symptoms,  or  from  whom  the  real  disease  has  been  deliberately 
concealed  by  their  physician  or  others,  for  proper  reasons,  so 
that  they  are  actually  unaware  that  they  have  ever  had  the  dis- 
ease, and  because  also  these  lesions  of  the  nerves  are  the  late 
lesions  of  syphilis,  I  am  inclined  to  the  opinion  that  Graefe's 
percentage  is  not  too  high.  I  have,  however,  compiled  another 
table,  herewith  presented,  of  all  the  recorded  cases  of  paralyses 
seen  by  myself  in  private  practice.     They  substantiate  this  view. 

The  following  table  gives  the  statistics  of  one  hundred  and 
thirteen  cases  of  paralyses. 

Table  showing  Ages  and  Probable  Causes  of  113  Cases  of 
Ocular  Paralysis. — Males,  79;  Females,  34. 

Ages. 

Under  10  years  5  cases 

10  to  20       "  5  " 

20  "   30       "  17  " 

30  "   40       "  34  " 

40  "  50       "  20  " 

50  "   60       "  13  " 

60  "  70       "  4  " 

70  "   80       "  3  " 

Age  not  given  12  " 

113  cases 
Paralysis  of  third  nerve  involved  in  80  cases;  internal  rectus,  19; 
superior  rectus,  4. 
inferior   rectus,    2;     pupillary   branch,    20;     levator 

(ptosis),  4. 
superior  and  inferior,  1 ;  superior  and  internal,  2. 
internal  and  levator,  4;  superior  and  levator,  1. 
internal  and  pupillary,  3 ;  internal,  levator,  and  pupil- 
lary, 2. 
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Paralysis  of  internal  rectus,  inferior,  and  levator,  1. 

"  third  and    fourth,    1;    third  and  fifth,   2;    third  and 

sixth,  6. 
fourth,  2;  fifth,  1;  sixth,  27;  seventh,  3. 
"  fourth  in  3,  fifth  in  3. 

"  sixth  in  33  and  seventh  in  3. 

There  was  a  history  of  syphilis  or  probable  syphilis,  in  32  cases: 
rheumatism,  8 ;  traumatism,  7;  after  operation,  3;  ansemia,  2;  over- 
work, 2;  tobacco  in  excess,  2;  congenital,  2;  neuralgia,  2;  kidney 
disease,  2;  diphtheria,  2;  cataract,  2. 

Locomotor  ataxia,  meningitis,  paral}Tsis  agitans,  gout,  grip, 
chills  and  fever,  indigestion,  uterine  disease  and  intracranial  disease, 
each  1  case,  and  others  where  no  probable  cause  could  be  made  out. 

These  statistics,  like  those  of  Emerson,  do  not  positively  indi- 
cate syphilis  as  playing  so  large  a  part  in  the  causation  of  par- 
alysis as  is  ascribed  to  it  by  Graefe,  but  it  may  be  repeated  that 
Graefe's  conclusions  are  probably  correct. 


TEEATMENT. 

The  treatment,  of  course,  must  be  directed  to  the  cause. 
If  the  paralysis  be  syphilitic  in  origin,  there  is  often  a  promise 
of  relief  or  cure,  but  if  it  be  from  other  causes,  the  prognosis 
is,  unfortunately,  not  so  good.  In  the  rheumatic  paralyses  the 
alkaline  treatment  is  of  service,  but  it  is  very  difficult  always 
to  determine  just  which  they  are.  The  cases  of  traumatic 
origin  need  no  especial  mention,  neither  those  depending  upon 
tumors.  The  advance  in  surgery  of  the  brain,  may  finally  lead 
to  a  better  prognosis  in  some  of  these  cases,  but,  as  a  whole,  we 
can  only  look  upon  paresis  of  the  ocular  muscles,  not  dependent 
upon  syphilis  or  traumatism  or  rheumatic  affections,  as  being 
a  matter  of  the  gravest  importance,  and  usually  requiring  the 
most  serious  prognosis. 

We  may  have  ptosis,  divergent  squint,  and  dilatation  of 
the  pupil  in  one  subject.  The  onset  of  a  paralysis  of  this 
kind  is  usually  gradual ;  the  patient  notices  a  little  inability  to 
move  the  lid,  then  there  is  a  kind  of  halo  around  the  light,  and, 
finally,  distinct  double  vision.  All  objects,  near  and  far,  in  de- 
cided paralysis  of  the  internal  rectus,  are  seen  double.     It  is  by 
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the  character  of  the  double  images  that  the  paralysis  may  he 
determined  when  the  internal  rectus  is  alone  affected.  If  it  ex- 
ist in  conjunction  with  the  other  muscles,  the  diagnosis  may  be 
made  even  before  the  double  images  are  made  out.  These 
double  images  are  crossed.  Considerable  confusion  exists  in 
the  minds  of  beginners  as  to  the  origin  of  crossed  and  homony- 
mous diplopia.  Diplopia  has  already  been  discussed,  but  at 
this  point  it  may  be  well  to  recapitulate.  Crossed  diplopia 
may  be  expected  when  the  muscles  supplied  by  the  third 
nerve  are  affected,  and  homonymous  diplopia  when  the  single 
muscles,  that  is  to  say,  the  fourth  and  sixth,  are  affected.  A 
good  way  of  fixing  these  facts  in  one's  understanding  is  the  fol- 
lowing :  When  the  internal  rectus  is  paralyzed,  of  course,  the 
eyeball  turns  outward.  In  this  turning  outward  of  the  eyeball, 
the  macula  lutea  is  turned  inward.  On  an  instant's  reflection, 
it  will  be  seen  that  the  projection  from  that  image  would  be 
across  the  line  cf  the  one  on  the  macula  holding  its  true  posi- 
tion— hence,  the  crossed  diplopia.  In  paralysis  of  the  external 
rectus,  on  the  other  hand,  the  eyeball  turns  inward  and  the 
macula  outward,  and  the  line  drawn  from  the  macula  lutea 
outward  would  never  meet  that  drawn  from  the  other  macula 
lutea ;  hence,  we  have  the  false  image  on  the  same  side  with  the 
affected  muscle.  The  tests  are  very  simply  made  with  a  lighted 
candle  and  a  red  glass  covering  one  eye,  the  patient  being  told 
to  state  on  which  side  the  red  image  is.  Cases  of  very  slight 
paralysis,  where  the  eye  cannot  see  that  they  exist,  are  most 
troublesome  to  the  patient,  for  the  simple  reason  that  the  dis- 
placement of  the  macula  is  so  slight  that  the  false  image  falls 
very  near  it  on  a  very  sensitive  part  of  the  retina,  and  cannot 
easily  be  gotten  rid  of,  while,  when  the  paralysis  is  great,  the 
patient,  in  time,  may  suppress  the  false  image.  Paralysis  of 
the  internal  rectus,  as  was  intimated  above  in  the  description  of 
the  paralysis  of  the  levator,  is  usually  the  result  of  either  syphilis 
or  rheumatism,  traumatic  causes  being,  of  course,  excluded.  It 
may  also  be  a  symptom  of  beginning  locomotor  ataxia.  Then, 
however,  it  is  more  apt  to  be  associated  with  general  weakness 
of  the  various  muscles  of  the  eyeball.  When  the  paralysis  is 
marked,  the  eye  is  easily  seen  to  lag  behind,  when  an  attempt  is 
made  to  use  both  muscles  in  the  same  direction.       The  patients. 
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themselves,  never  have  any  difficulty  in  determining  which 
muscle  is  paralyzed,  and  their  statements  are  usually,  if  not 
always,  correct. 

Insufficiency  or  partial  paresis  of  the  internal  rectus,  has 
already  been  discussed  in  the  chapter  on  Strabismus,  and  we  need 
hardly  say  more  here,  except  that  patients  with  actual  paralysis 
do  not  usually  suffer  from  asthenopia,  for  the  reason  that  they  use 
but  one  eye  for  close  work,  as  they  cannot  secure  binocular  single 
vision.  This  kind  of  paresis  is  not  usually  caused  by  any  lesion 
of  the  nerve  trunk  or  of  the  nerve  at  its  origin,  at  least  by  any 
lesion  that  can  be  made  out,  although  all  insufficiencies,  paresis 
and  strabismus,  in  a  certain  sense,  may  be  said  to  be  of  central 
origin.  But  this  form  of  paresis  depends,  proximately,  at  least, 
and  perhaps  ultimately,  on  fixed  conditions  of  the  eyeball — 
such  a  conformation  or  such  errors  of  refraction,  or  such  a  dif- 
ference in  visual  power,  as  render  it  impossible  for  the  patients 
to  use  two  eyes  at  the  same  time.  The  treatment  of  paralysis 
of  the  internal  rectus,  due  to  lesions  in  its  course  or  origin,  is 
to  be  directed  toward  the  cause.  Operations  for  their  relief, 
when  they  become  permanent,  are  scarcely  ever  attended  with 
success.  Sometimes  some  effect  is  produced  which  improves  the 
condition  of  the  patient,  but  each  case  must  be  studied  by  itself, 
and  the  possibilities  of  cure,  determined  by  exact  observation 
and  prognosis. 

PARALYSIS   OF  THE    IRIS. 

For  the  sake  of  completeness  in  discussing  this  subject,  cer- 
tain paralyses  of  the  iris  will  be  considered,  although  they  have 
been  already  incidentally  mentioned  in  various  places. 

Mydriasis  (p-vdo$,  moisture ;  because  increase  of  fluids  causes 
the  pupil  to  dilate),  dilatation  of  the  pupil. — The  chief  causes  of 
this  symptom  are  increased  tension  of  the  eyeball,  paralysis  of 
the  pupillary  branch  of  the  third  nerve,  irritation  of  the  sympa- 
thetic nerve,  disease  of  the  optic  nerve  and  brain,  and  the  action 
of  certain  drugs,  such  as  belladonna,  hyoscyamus,  stramonium, 
and  so  forth.  Mydriasis  is  generally  confined  to  one  eye,  when 
it  exists  as  a  symptom  of  disease  of  the  nerve  or  brain,  but 
both  pupils  are  usually  affected  when  drugs  have  been  taken 
internally,  which  have  produced    it.      When    mydriasis  is    not 
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caused  hy  drugs,  the  pupil  is  not  dilated  to  its  maximum  de- 
gree, and  is  very  sluggish  in  its  action.  There  are  very  puzzling 
cases  of  monocular  mydriasis  where  no  cause  can  be  detected. 

Myosis  ( ,"«<",  to  close),  contraction  of  the  pupil. — This  is 
caused  by  an  irritation  of  the  branch  of  the  third  nerve  supply- 
ing the  sphincter  pupillse,  by  paralysis  of  sympathetic  filaments 
to  the  dilator  of  the  pupil.  It  occurs  in  certain  diseases  of  the 
spine,  and  is  said  to  be  produced  by  constant  work  at  minute 
objects,  as  in  watch-making,  and  by  certain  drugs,  such  as 
calabar  bean,  opium,  and  so  forth. 

Hippus  (t"»9,  horse). — This  is  a  chronic  spasm  of  the  iris 
causing  rapid,  alternating  contraction  and  dilatation  of  pupil, 
independent  of  stimulus  of  light.  It  is  generally  associated 
with  nystagmus. 

Iridodonesis,  or  Tremulous  Iris  (?pi$,  and  Sovea>,  to  tremble). 
— This  is  marked  by  trembling  of  iris  when  the  eye  is  moved 
about.  It  is  caused  by  loss  of  support  of  the  crystalline  lens 
from  whatever  cause.  It  is  a  symptom  which  is  seen  in  the 
absence  or  dislocation  of  the  lens,  and  softening  of  the  vitreous, 
or  anything  that  causes  the 
iris  to  lose  the  support  of 
the  crystalline  lens. 

PARALYSIS  OF  THE  LEVATOR 
PALPEBR^— PTOSIS. 

This  is  often  congenital, 
and  although  several  op- 
erations have  been  sug- 
gested, nothing  but  partial 
relief  has  ever  been  afforded 
by  any  of  them.  Neither 
is  medical  treatment  of  any 
avail  in  the  congenital 
form.  , 

Ptosis  occurring  in  con- 
nection with  other  paraly- 
ses in  adult  or  middle  life 
is  usually,  if  treated  at  all  early  in  its  course,  very  susceptible 
of  cure.     It  is  caused  by  syphilis  or  rheumatism,  or  may  be 
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traumatic.  It  has  been  stated  already  that  syphilis  forms 
a  large  contingent  of  the  causes  of  paralyses  of  the  muscles  of 
the  eyeball.  It  does  not  enter  largely,  however,  as  a  factor 
into  paralysis  of  the  facial,  which  will  shortly  be  described. 
The  inability  to  move  the  upper  lid  freely  is  the  chief  and  only 
symptom  of  ptosis,  and  is  at  once  noted  by  even  the  most  super- 


Fig.  178. —Ptosis  of  One  Side. 


ficial  observer.  The  accompanying  illustrations  show  first  a  case 
of  congenital  ptosis,  complicated  with  epicanthus,  and  then  a 
case  of  ptosis  of  one  eye.  In  ptosis  of  a  rheumatic  origin,  the 
alkaline  treatment  has  been  very  serviceable  in  my  hands.  I 
generally  give  the  iodide  of  potassium  and  salicylate  of  sodium, 
not  combining  the  remedies,  but  alternately  using  them,  at  the 
same  time  giving  Vichy — Saratoga  Vichy  or  foreign  Vichy — and 
Buffalo  lithia  or  other  alkaline  waters,  with  great  attention  to 
general  hygiene.     In  ptosis  from  syphilis,  prompt  treatment  is. 
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I  believe,  of  great  avail,  for  if  the  lesion  is  left  to  itself,  to  its 
spontaneous  recovery,  the  nerve  is  so  injured  that  the  paralysis 
remains,  while  I  think  there  is  no  doubt  that  mercury  and  iodide 
of  potassium  remove  the  morbid  deposits,  if  promptly  used. 
For  all  syphilitic  affections  of  the  eyeball,  1  am  in  the  habit  of 
using  Squibb's  oleate  of  mercury  by  inunction,  twenty  per  cent, 
and,  at  the  same  time,  the  iodide  of  potassium  in  increasing 
doses,  always  avoiding  any  poisoning  from  the  iodide  or  the 
mercury;  that  is  to  say,  being  on  the  lookout  for  coryza,  erup- 
tions of  the  skin,  soreness  of  the  gums,  and  so  forth,  using  the 
remedy,  if  possible,  so  as  to  avoid  any  action  through  these 
channels,  but  entirely  through  the  absorbents.  If  carefully 
used,  patients  may  take  these  remedies  for  weeks  without  the 
slightest  uncomfortable  conditions.  The  iodide  of  potassium  is 
to  be  given  largely  diluted  and  usually  in  Vichy  water  or  milk, 
as  the  patient  may  prefer.  In  addition  to  the  inunction  treat- 
ment, mercurial  vapor  baths,  using  calomel  as  a  means  of  pro- 
curing the  vapor,  are  very  serviceable. 

OPERATIONS   FOR   PTOSIS. 

Operative  interference  in  this  condition  has  not  generally 
proved  successful.  This  is,  in  the  very  nature  of  things,  to  be 
expected,  for  the  condition  is  one  of  paralysis,  and  ordinary 
plastic  operations  have  no  effect.  The  operation  that  I  have 
performed,  with  only  moderate  success,  has  been  that  of  deep 
sutures  entered  just  above  the  ciliary  margin  of  the  lids,  passing 
through  the  conjunctiva  and  muscle,  up  into  the  occipito-fron- 
talis,  and  then  being  tightly  ligated.  Sometimes  a  little  effect 
is  produced  by  such  an  operation,  but  it  is  usually  not  great. 
Excision  of  a  portion  of  the  skin  can  be  combined  with  this 
method,  or  the  excision  may  be  practised  alone,  but  it  is  only 
of  service  where  the  skin  is  very  lax  and  superabundant. 

Another  operation  is  to  pass  the  end  of  a  thread  below  the 
skin  from  just  above  the  upper  border  of  the  tarsus,  to  a  few 
millimetres  above  the  eyebrow.  The  other  end  is  carried  in  a 
similar  manner,  parallel  with  the  first.  Similarly  situated  loops 
are  introduced  to  either  side  of  this  one ;  these  are  then  all 
knotted   tightly  over  pieces  of  drainage -tubing,  the  lid  being 
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thus  raised  to  an  extent  rather  greater  than  it  is  desired  to  per- 
manently obtain.  The  knots  are  tightened  above  from  time  to 
time,  until  the  threads  have  ulcerated  their  way  through  the 
tracks  along  which  they  were  passed.  It  is  said  to  be  rather  a 
severe  operation,  and  is  followed  by  great  swelling.  It  is  known 
as  Demmet's  thread  operation. 

Panas'  operation  is  one  somewhat  in  vogue,  and  is  performed 
as  follows :  An  assistant  applies  his  hand  to  the  patient's  fore- 
head to  prevent  the  drawing  down  of  the  skin  of  the  lid.  An 
ncision  is  then  made  along  the  line  of  the  upper  border  of  the 
tarsus.  It  is  not  continued  along  the  whole  line,  but  beginning 
immediately  over  one  canthus,  and  leaving  a  central  portion  of 
a  third  of  an  inch  uncut,  it  ends  at  a  similar  point  above  the 
other  canthus.  A  second  horizontal  incision,  with  a  slight  con- 
vexity upward,  and  not  quite  an  inch  in  length,  is  made  in  the 
position  of  the  fold  separating  the  eyebrow  and  lid,  and,  there- 
fore, just  above  the  orbital  margin.  This  incision  passes 
through  all  the  tissues  down  to  the  periosteum.  It  is  then  joined, 
by  means  of  two  short  vertical  incisions,  with  the  inner  extrem- 
ity of  the  external  portion  and  the  outer  extremity  of  the  in- 
terna] portion  of  the  lower  incision.  Still  another  incision  is 
made,  parallel  to  the  second,  somewhat  more  than  one  inch  in 
length,  along  the  upper  border  of  the  eyebrow,  also  deep  enough 
to  extend  to  the  periosteum.  The  skin  marked  out  by  the  mid- 
dle and  lower  horizontal,  and  the  two  vertical  incisions,  is  next 
dissected  free  from  the  tarsus  down  to  the  ciliary  border.  The 
bridge  between  the  middle  and  upper  incisions  is  then  under- 
mined, in  doing  which  any  wounding  of  the  periosteum  or  sus- 
pensory ligament  should  be  avoided.  When  this  has  been  done, 
the  dissected  flap  is  pressed  up  underneath  the  undermined 
bridge,  and  attached  by  three  sutures  to  the  upper  edge  of  the 
upper  incision.  The  advantage  of  this  operation  is  that  it 
raises  up  the  tarsal  portion  of  the  lid,  and,  at  the  same  time, 
causes  the  occipito-frontalis  muscle  to  act  for  the  absent  or 
paralyzed  levator.  Berry  '  speaks  well  of  the  efficiency  of  this 
operation. 

1  "Text-Book,"  p.  662  et  seq. 
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Paralysis  of  the  facial  nerve,  the  seventh,  involves  the  eye- 
lid by  causing  an  inability  on  the  part  of  the  patient  to  completely 
close  the  eye.  This  is,  of  course,  in  conjunction  with  the  other 
symptoms  of  facial  paralysis.  The  cheek  hangs  to  one  side,  the 
patient  is  unable  to  whistle  or  to  shut  the  eyes.  This  disease  is 
associated  with  so  many  various  conditions,  that  it  is  impossible 
to  say  which  is  the  predominant  factor  in  the  greatest  number  of 
cases  in  producing  such  a  paralysis.  The  lesions  that  produce  it 
may  be  central,  nuclear,  meningeal,  or  peripheric. '  When  cen- 
tral, it  is  generally  an  accompaniment  of  hemiplegia,  and  is  due 
to  various  causes  of  that  form  of  paralysis.  Paralysis  of  nuclear 
origin  is  very  rare,  and  is  an  accompaniment  of  glosso-labial 
palsy,  the  diphtheritic  paralysis,  or  of  a  lesion  of  the  pons  Varolii. 
When  of  meningeal  origin,  it  is  due  to  tumors,  meningitis,  or 
fracture  of  the  base  of  the  brain,  and  is  accompanied  by  disease 
of  other  cranial  nerves.  But  the  peripheric  facial  palsy  (Bell's 
paralysis)  is  the  form  of  the  disease  which  most  frequently 
comes  under  the  notice  of  the  ophthalmologist.  Rheumatic  in- 
fluences are  here  of  the  most  importance  in  causation.  Hutch- 
inson says  that  syphilis  rarely  causes  an  isolated  facial  paralysis 
— that  "it  is  apt  to  leave  this  nerve  alone."  And  this  is  my  ex- 
perience, although  I  have  seen  paralysis  of  the  seventh  caused 
by  syphilis,  in  conjunction  with  other  paralyses. 

The  disease  needs  no  particular  description  at  this  point.  It 
is  chiefly  considered  by  the  ophthalmologist,  from  the  inability  to 
close  the  eye,  caused  by  it.  This  sometimes  produces  disease  of 
the  cornea  from  its  exposure.  In  confirmed  cases,  a  plastic 
operation  may  be  of  some  service  in  assisting  to  cover  the  lid, 
but  facial  paralysis  is  usually  recovered  from,  although  very 
often  not  absolutely,  that  is  to  say,  we  may  see  a  trace  of  it 
when  the  eyes  are  tightly  closed  or  when  the  lips  are  puckered. 

Facial  paralysis,  it  ought  to  be  stated,  like  accommodative 
paralysis,  sometimes  is  a  result  of  diseased  teeth,  and  the  re 
moval  or  proper  treatment  of  the  teeth  wTill  very  often  lead 
to  a  recovery.      Electricity  is  a  remedy  which  is  of  some  value 

1  Dana:  "Text-Book  of  Nervous  Diseases, ''  New  York,  1892,  p.  134. 
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in  treating  the  paralyses  of  the  eyelids.  It  probably  acts  by 
keeping  up  the  tone  of  the  muscles  until  the  cause  of  the  dis- 
ease is  removed. 

Paralysis  of  the  Superior  Eectus. — In  this,  the  move- 
ments of  the  eye  upward  are  restricted,  principally  when  it  is 
turned  outward.  The  double  vision  usually  exists  in  the  upper 
part  of  the  field  of  fixation  only.  The  diplopia  here  also  may  be 
sometimes  homonymous,  when  the  eye  is  displaced  in  the  di- 
rection of  the  antagonizing  muscles. 

Paralysis  of  the  Inferior  Oblique. — The  movements  of 
the  eye  are  restricted  upward,  especially  when  it  is  at  the 
same  time  turned  inward.  Double  vision,  unless  the  muscles 
which  move  the  eye  downward  preponderate  very  much,  is 
homonymous  and  vertical. 

Paralysis  of  Accommodation. — The  pupil  may  be  dilated 
as  a  result  of  paralysis  of  the  pupillary  branch  of  the  third  nerve, 
in  conjunction  with  paralysis  of  the  other  branches,  but  it  may 
exist  as  a  symptom  by  itself,  mydriasis,  as  it  is  called,  or  dilata- 
tion of  the  pupil.  It  may  have  the  causes  which  have  been 
enumerated  for  the  other  paralyses,  but  I  have  seen  marked 
instances  of  paralysis  of  accommodation  from  disease  of  the 
canine  teeth.  There  is  a  class  of  cas^s  in  which  it  occurs,  very 
hard  to  explain,  where  it  exists  as  a  solitary  symptom,  year 
after  year,  without  any  appreciable  disease  of  the  general  system 
or  of  part  of  the  body. 

Recurrent  Paralysis  of  the  Third  Nerve. — Recurrent 
paralysis  of  this  nerve  was  observed  in  a  very  remarkable  case 
which  I  saw  with  Dr.  D.  R.  Ambrose.  In  this  case,  it  occurred  in 
the  beginning  as  migraine,  that  is  to  say,  there  would  be  diverg- 
ent squint,  dilatation  of  the  pupil,  partial  ptosis,  in  connection 
with  megrim.  These  attacks  began  when  the  patient  was  a 
very  young  boy,  and  they  continued  until  the  paralysis  became 
permanent,  but  at  first  it  was  only  recurrent.  I  had  the  privi- 
lege of  seeing  this  patient  some  twenty  years  after  I  first  saw 
him.  He  never  secured  anything  but  temporary  relief.  The 
paralysis  remained  as  it  was  in  the  worst  of  the  early  attacks. 
The  attacks  of  pain  were  not  so  frequent,  but  he  took  morphia 
regularly  for  them,  and  although  engaged  in  active  business, 
married  and  having  one  child,  it  was  apparent  he  was  a  very 
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irritable,  so-called  "nervous"  subject.  'This  opinion  his  wife 
confirmed.  His  child  was  an  incurable  choreic  patient.  The 
exact  lesion  which  caused  this  trouble  certainly  has  not  been,  as 
yet,  determined.  Dr.  F.  L.  Jack  '  reports  a  case  having  some 
of  the  same  characteristics,  and  collects  others  from  L860  down. 
The  point  of  chief  interest  in  these  cases,  as  Dr.  Jack  says,  is 
whether  they  are  functional  or  organic.  That  there  is  a  lesion 
of  some  kind,  I  have  no  doubt,  and  in  that  sense,  they  are  not 
functional,  but  it  must  be  that  the  lesion  is  one  that  can  be  in- 
creased from  time  to  time,  something  like  a  circulatory  disturb- 
ance. The  autopsies,  in  one  case,  showed  an  exudation  around 
the  right  third  nerve  along  the  base  of  the  brain,  and  a  large 
blood-clot  in  the  pons.  Another  case  died  of  phthisis.  In  this, 
the  third  nerve  was  covered  with  numerous  granulations  which 
contained  the  tubercle  bacilli.  The  third  case,  the  patient  died 
insane.  The  right  motor  oculi  was  gray  and  club-shaped  where 
it  passed  through  the  dura  mater.  A  fibro-chondroma  had 
separated  the  fibres  of  the  nerve,  but  had  not  destroyed  them.2 

Of  my  case,  I  think  the  patient  is  advancing  slowly  to  a  per- 
manent condition  of  complete  paralysis  of  the  internal  rectus, 
and  of  the  pupil. 

Paralysis  of  the  External  Eectus  (Sixth  Nerve). — 
This  is  one  of  the  most  frequent  of  the  single  paralyses  of  the 
eyeball.  It  is  characterized  by  convergent  squint  and  homony- 
mous diplopia.  It  is  usually  produced,  as  is  paralysis  of  the  in- 
ternal rectus,  when  of  non- traumatic  origin,  by  syphilis  or 
rheumatism.     The  prognosis  is  fairly  good. 

Paralysis  of  the  Superior  Oblique  Muscle  or  Fourth 
Nerve. — In  this  paralysis  the  eyeball  moves  less  readily  down- 
ward. This  is  most  marked  when  the  eye  is  directed  inward. 
The  double 'vision  is  homonymous  and  vertical.  It  exists  only 
in  the  lower  half  of  the  eye.  I  have  seen  it  thus  occur  in  anae- 
mic and  neurotic  young  women  and  young  men. 

It  is  not  always  easy  to  say  whether  a  given  case  of  ocular 
paresis  or  paralysis  is  due  to  peripheric  or  central  causes.     Peri- 


'  Boston  Medical  and  Surgical  Journal,  vol.  129,  p.  617. 

-  For  a  full  account  of  recurrent  paralysis  of  the  motor  oculi,  see  Transac- 
tions of  the  Ophthalmological  Society,  1887,  p.  460  et  seq. 
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pheric  lesions  may  be  situated  within  the  orbit  or  upon  the  track 
of  the  nerve  itself,  while  central  lesions  may  be  at  the  base  of  the 
brain,  and  directly  or  indirectly  involve  the  nuclei  of  the  third, 
fourth,  and  sixth  nerves,  which  all  lie  within  a  space  of  about  one 
inch  long  by  three-quarters  of  an  inch  broad  at  the  base  of  the 
fourth  ventricle  and  aqueduct  of  Sylvius.  A  paralysis  of  the  sixth 
nerve  alone,  or  of  the  fourth,  is  pretty  sure  to  be  of  peripheric 
origin,  showing  that  the  cause  lies  in  the  orbit.  It  is  a  little 
more  difficult  to  determine,  in  the  case  of  the  third  nerve, 
whether  the  paralysis  is  central  or  peripheric,  but  the  more 
complete  it  is,  the  more  likely  it  is  to  be  peripheric.  Rheumatic 
paralysis,  or  that  due  to  a  draft  of  air,  is  almost  always  peri- 
pheric. 

OPHTHALMOPLEGIA. 

(bfdalfjoc,  and  7TA7/-}  //,  a  stroke. ) 

Ophthalmoplegia  is  conveniently  divided  into  total  ophthal- 
moplegia, external  ophthalmoplegia,  and  internal  ophthalmo- 
plegia. Total  ophthalmoplegia  consists  in  paralysis  of  the 
levator  muscle  of  the  lid,  of  all  the  muscles  of  the  eyeball,  and 
also  of  the  iris  and  the  ciliary  muscle.  This  is  the  rarest  form. 
The  most  frequent  form  is  the  second,  ophthalmoplegia  externa, 
where  the  outer  muscles  are  paralyzed,  and  the  muscles  of  ac- 
commodation and  of  the  iris  remain  unimpaired. 

The  picture  of  ophthalmoplegia  is  a  very  striking  one.  There 
is  inability  to  lift  the  lid,  more  or  less  complete  ptosis,  and  almost 
absolute  immobility  of  the  eyeball.  It  cannot  be  moved  in  any 
direction.  There  are  variations  in  the  degree  of  this  paralysis 
— the  patient  may  be  able  to  move  his  eye  a  little  downward, 
or  a  little  to  one  side  or  the  other,  but  there  may  be  complete 
fixity.  If  we  add  to  that  the  paresis  of  accommodation  and 
mydriasis,  we  have  a  most  helpless  condition,  as  regards  any 
movement  of  the  eyeball,  or  of  its  interior  muscles.  Ophthal- 
moplegia interna,  where  the  iris  and  the  ciliary  muscles  alone 
are  paralyzed,  is  the  rarest. 

Causes.— Attempts  are  made  to  explain  the  etiology  of 
ophthalmoplegia  according  to  its  completeness  or  incompleteness. 
But  I  doubt  if  this  can  be  considered  a  proper  method  of  reason- 
ing.    Ophthalmoplegia  externa,    however,   affecting   only    the 
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outer  muscles,  may,  according  to  most  authorities,  be  explained 
by  the  situation  of  the  nerve  nuclei  under  the  aqueduct  of 
Svlvius.  The  nuclei  for  the  sphincter  pupilhe  of  the  ciliary 
muscle  lie  the  farthest  forward,  and  are,  therefore,  frequently 
unharmed  by  disease  which  affects  the  nuclei  of  the  remaining 
ocular  muscles  farther  hack.  This  form  of  ophthalmoplegia, 
for  this  reason,  can  only  he  of  central  origin.  <  >phthalmoplegia 
interna  can  be  produced,  and  is  produced,  by  the  use  of  atropine. 
Complete  paralysis  (ophthalmoplegia),  when  dependent  on  nu- 
clear disease,  first  affects  one  muscle,  then  gradually  spreads 
over  the  others.  The  surgeon  does  not  frequently  see  the  be- 
ginning of  the  trouble,  and  it  is  only  when  it  has  become  ad- 
vanced that  it  comes  to  his  observation.  When  total  ophthal- 
moplegia exists,  and  all  the  muscles,  without  exception,  are 
paralyzed,  the  situation  of  the  lesion  may  be  various.  We 
may  have  nuclear  paralysis,  or  we  may  have  a  lesion  of  the 
nerve  trunk  at  the  base  of  the  brain,  or  even  within  the  orbital 
fissure.  It  is  supposed  that  most  of  the  cases  of  ophthalmoplegia 
depend  on  a  primary  disease  of  the  gray  matter  of  the  nuclei  of 
the  eye  muscles.  It  is  analogous  in  its  nature  to  bulbar 
paralysis  attacking  the  motor  nuclei  of  the  facial,  glosso- 
pharyngeal, hypoglossal,  and  accessory  vagus,  which  lie  farther 
backward.  There  are  cases,  according  to  Fuchs,1  where,  in 
advance  of  the  process  backward  in  an  ophthalmoplegia,  the 
symptoms  of  bulbar  paralysis  also  existed. 

Ophthalmoplegia  externa  is  generally  bilateral,  but  it  may 
affect  one  eye  only.  I  have  lately  seen  such  a  case  in  a  young 
woman  under  the  care  of  Dr.  A.  E.  Davis,  where  the  syphilitic 
history  was  distinct,  and  the  evidences  of  the  disease  could  be  de- 
tected. She  recovered  almost  completely  under  the  use  of  mer- 
cury and  iodide  of  potassium. 

NYSTAGMUS. 

Nystagmus  {yoarayiux;,  a  noddingf)  is  characterized  by  invol- 
untary, spasmodic  oscillations  of  the  eyeball,  almost  always  in 
both  eyes  at  once,  and  the  motions  arc  generally  horizontal. 

Nystagmus  may  be  periodical  or  continuous.     It  is  some- 


1  "  Lehrbuch, "  p.  614. 
3, 
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times  so  marked  as  to  be  seen  at  some  distance  from  the  eyes  of 
the  patients;  at  other  times,  the  sharpest  vision  will  only  detect 
it  on  very  close  examination.  It  may  be  increased  by  general 
excitement  or  efforts  at  accommodation.  Vision  is  generally 
somewhat  confused  by  it,  except  when  it  is  of  a  very  low  degree, 
and  the  patient  may  improve  it  by  inclining  the  head  in  the 
direction  opposite  to  that  in  which  the  eyeballs  move.  The 
vision,  however,  when  it  is  congenital,  as  is  usually  the  case, 
may  not  be  so  much  impaired  that  the  subjects  do  not  pursue 
occupations  requiring  close  attention,  and  quite  exact  vision.  For 
example,  I  have  known  bookkeepers  and  teachers  to  be  affected 
with  this  disease.  Nystagmus  is  actually  but  a  symptom.  It 
occurs  in  connection  with  so  many  affections,  that  it  is  hard  to 
say  any  more  than  that  it  is  a  condition  of  things  caused  by  in- 
ability to  procure  perfect  vision  by  exact  fixation.  It  exists  in 
connection  with  opacities  of  the  cornea,  with  great  errors  of  re- 
fraction, opacities  of  the  crystalline  lens,  and  where  no  marked 
disease  can  be  detected,  especially  in  albinos.  It  is  a  disease 
that  occurs  among  coal-miners  (Snell),  and  is  probably  caused 
by  strain  of  accommodation  in  their  attempts,  in  a  poor  light, 
with  their  heads  in  a  very  awkward  position,  to  cut  out  the 
coal  in  the  proper  places. 

I  saw  one  case  of  nystagmus  in  an  infant,  fifteen  months 
old,  where  no  cause  was  ascertained  for  some  weeks.  The  child 
became  worse  and  worse,  developing  head  symptoms,  and  finally 
died  from  what  proved  to  be  tumor  of  the  brain. 

In  one  case  of  albinism,  connected  with  nystagmus,  J  saw  the 
patient  first  when  she  was  four  years  of  age.  When  she  grew 
to  be  a  young  woman  I  was  able  to  measure  her  corneal  astig- 
matism, which  was  3  diopters  on  one  side  and  3^  on  the  other, 
with  the  rule.  I  was  able  to  give  her  glasses  which  improved 
her  vision  from  -gVV  to  ^V*  an^  enabled  her  to  read  No.  1 
Jaeger. 

In  another  girl,  who  was  first  seen  when  she  was  eight 
years  old,  who  was  not  an  albino  but  a  blonde,  the  vision  was 
brought  up  from  1-I1"(T  to  £#  in  one  eye.  and  f|J  in  the  other,  by  a 
cylinder  of  3 -A-  diopters.  In  this  case,  while  the  choroid  was 
thin,  the  nerve  discs  were  normal  in  appearance,  as  to  color 
and  capillaries. 
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In  another  child,  with  a  high  degree  of  myopia,  nystagmus 
was  very  marked,  and  the  patient  lost  one  eye,  from  complete 
detachment  of  the  retina,  during  the  two  years  that  she  was 
under  observation. 

Astigmatism  of  a  high  degree  is  very  apt  to  be  associated 
with  nystagmus. 

The  treatment  is,  of  course,  according  to  the  cause.  Some 
cases  of  nystagmus  connected  with  strabismus,  are  very  much 
improved  by  the  correction  of  the  strabismus.  Those  associated 
with  high  degrees  of  astigmatism,  even  if  it  be  irregular,  are 
benefited  by  an  approximate  correction  of  the  astigmatism. 
Dr.  Deynard  publishes  several  cases  to  illustrate  this. ' 


1  The  Post-Graduate,  vol.  vii. 
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PLATE  I. 


1.  Normal  fundus  (Stellwag),  showing  excavation  of  the  optic  disc  with  lamina 

cribrosa.  There  is  a  well-marked  scleral  ring,  and  at  the  temporal  side  a 
normal  deposit  of  pigment. 

2.  Myopia  with  posterior  staphyloma  (Schmidt-Rimpler) .     The  optic  disc  ap- 

pears large,  and  at  the  temporal  side  is  a  white  crescent-shaped  staphy- 
loma with  an  increased  deposit  of  pigment. 

3.  Glaucoma  in  advanced  stage  (Schmidt-Rimpler).     The  central  part  of  the 

optic  disc  is  of  clear  white  color,  and  at  the  edge  the  blood-vessels  make  a 
sharp  bend. 

4.  Atrophy  of  the  optic  nerve  with  bluish  color  of  the  disc   (Schmidt-Rimpler). 

The  blood-vessels  are  of  a  larger  size  than  usual  in  cases  of  atrophy.  The 
border  of  the  disc  is  sharply  defined  and  of  a  white  color. 

5.  Papillitis  (Schmidt-Rimpler).     The  optic  disc  is  greatly  swollen,  the  border 

being  obliterated,  and  there  are  small  hemorrhages  on  its  surface.  The 
retinal  blood-vessels  are  enlarged  and  tortuous,  and  in  part  covered  by  the 
swelling  of  the  disc. 

6.  Choroiditis   (Schmidt-Rimpler).      There  are  numerous  spots  of  partial  and 

some  of  complete  atrophy  of  the  choroid,  with  pigment.  At  one  point 
the  artery  passes  into  the  pigment  of  the  retina  and  covers  choroido- 
retinitis.     There  is  a  whitec  rescent  at  the  border  of  the  optic  disc. 

PLATE  II. 

7.  Retinitis  apoplectica  (Stellwag).     The  optic  disc  is  swollen  and  its  outline 

indistinct.  The  retinal  blood-vessels  are  tortuous  and  at  different  points 
appear  broken.     There  are  numerous  extravasations  of  blood. 

8.  Retinitis  pigmentosa  (Stellwag).     The  optic  disc  shows  white  atrophy,  the 

border  being  sharply  defined.  The  arteries  and  veins  are  extremely  attenu- 
ated. At  the  periphery  are  black  pigment  spots,  irregular  in  shape  and 
similar  to  bone  corpuscles. 

9.  Retinitis  album inurica  (Schmidt-Rimpler).    The  optic  disc  is  surrounded  by 

large  white  patches  of  retinal  infiltration  and  exudation.  There  are  nu- 
merous hemorrhages.  In  the  region  of  the  macula  and  also  below,  are  the 
characteristic  spots  of  the  disease.  They  are  small,  white  spots  of  exuda- 
tion arranged  in  stellate  form. 

10.  Detachment  of  the  retina  below  (Stellwag) .  The  lower  part  of  the  retina 
shows  a  sharply  defined  area,  which  is  of  a  greenish-gray  color.  It  repre- 
sents the  retina  pushed  forward  by  fluid  between  it  and  the  choroid. 
There  is  an  irregular  shape  and  numerous  folds,  and  the  retinal  vessels  are 
undulating  in  appearance. 

11.  Colloid  deposits  on  the  optic  nerve.  Drawn  by  Miss  Elkins  from  one  of  the 
author's  cases.  The  disc  appears  of  a  darker  color  and  is  covered  by  small, 
round,  glistening  bodies.     They  appear  raised  above  the  surface. 

12.  Opaque  optic-nerve  fibres  (Miss  Elkins).  Author's  case.  This  represents 
the  fundus  of  a  case,  where  this  condition  was  extreme.  Around  the  optic 
disc  and  extending  into  the  region  of  the  macula  is  a  white  fluff}'  mass, 
somewhat  striated  and  covering,  except  in  spots,  the  retinal  blood-vessels. 
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GLOSSARY. 


Abduction.     Lat.  dbductio,  from  ab,  away,  and  ducere,  to  lead. 

Abductor.     Lat.  abductor,  from  abduco,  I  lead  away. 

Aberration.     Lat.  ab<  rratio,  from  ab,  away,  and  errare,  to  wander. 

Ablation.     Lat.    ablatio,  from  aufero,  ablatum,  to  bear  away, 

Ablepbaria.     Gr.  a  priv.,  and  (ihityapov,  eyelid. 

Ablepsia.     Gr.  afHeipia,  blindness. 

Abscission.    Lat.  abseissio,  from  dbscidere,  to  cut  off. 

Accommodation.    Lat.  accommodatio,  from  accommodare,  to  adjust. 

Achloropsia.     Gr.  n  priv.,  %?L<Jpog,  green,  and  biptg,  vision. 

Achromatic.     Gr.  a  priv.,  and  ,v/)um,  color. 

Achromaticity.  > 

Achromatism     I  achromattsmus,  from  Gr.  a  priv.,  and  xp^ua,  color. 

Achromatopsia,  "j 

Achromatopsis.   f-Gr.  «  priv.,  xp^a,  color,  and  biptg,  vision. 

Achromatopsy.  J 

Achrystallodiaphanie.  Gr.  «  priv.,  Kpi<o-a?3.og,  crystal,  and  dtcupdveta,  transpa- 
rency. 

Acritochromacy.     Gr.  aaptTog,  confused,  and  xpufia,  color. 

Acyanoblepsia.     Gr.  a  priv.,  icvavog,  blue,  and  jHenetv,  to  see. 

Adduction.     Lat.  adductio,  from  ad,  toward,  and  ducere,  to  lead. 

Adductor.     Lat.  adductor,  from  ad,  toward,  and  ducere,  to  lead. 

Advancement.     Fr.  avancement,  a  bringing  forward. 

iEgilops.     Gr.  a\i,  a  goat,  and  S>tp,  the  eye. 

Akyanopsia.     Gr.  a  priv.,  Kvdvog,  blue,  and  biptg,  vision. 

Akyanoblepsia.     See  Acyanoblepsia. 

Albinism.     Lat.  albinismus,  from  albas,  white. 

Albino.     Lat.  albus,  white ;   Port,  and  Span,  albino,  white  negro. 

Albugo.     Lat.  albugo,  a  white  spol 

Amaurosis.     Gr.  afiavpuaig,  from  a/mvp6u,  to  render  obscure. 

Amblyopia.     Gr.  an.V/i^-ta,  from  a/i/JMg,  dull,  and  biptg,  vision. 

Ametrometer.  Gr.  From  Ametropia  and  uirpov,  measure.  (Literally  a 
measure  of  a  measure.) 

Ametropia.     Gr.    aixerpog,  beyond,  and  bilng,  vision. 

Amotio.     Lat.  amotio,  from  amovere,  to  move,  detach. 

Amplitude.  Lat.  amplitudo,  width,  range.  A.  accommodationis,  amplitude 
of  accommodation. 

Ansemia  retina.     Gr.  a  priv.,  al/ia,  blood,  and  Lat.  retina,  from  rete,  a  net. 

Anaesthesia.     Gr.  avaioOqoia,  from  a  priv.,  and  aiodrtoig,  perception. 
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Anchilops.     Gr.  «},t<?wi/\  from  a)  \i,  near,  and  £</>,  the  eye. 

Anerythropsia.  }  (ir    Q  priv    ipv0pSg  red  and  5^    gi  ht> 

Anerythropsy.    ) 

Aniridia.     Gr.  av  or  a  priv.,  and  Ipig,  the  iris. 

Anisocoria.     Gr.  «  priv.,  ieraf,  equal,  and  noprj,  the  pupil. 

Anisometropia.     Gr.  aviooc,  unequal,  ptrpm\  measure,  and  orpig,  vision. 

Ankyloblepharon.     Gr.    ayKvkri,  a  loop,  and  ,l/.e<papov,  eyelid. 

Anophthalmia.     Gr.  a  priv.,  and  b<j>0a/u6c,  the  eye. 

Anophthahnoh£mie.     (Fr.)  From  Gr.  a  priv.,  b<p0a/.p6g,  eye,  and  alpa,  blood. 

Anophthalmus.     See  Anophthalmia. 

Anopsia,  or  Anapia.     Gr.  am,  without,  and  oi/vc,  vision. 

Antimetropia.     Gr.  avri,  opposite,  phpov,  a  measure,  and   biptg,  vision,  or  <I>V\ 

the  eye. 
Antrum.     Lat.  antrum,  a  cave 
Aphakia.     Gr.  a  priv.,  and  <pai<oc,  the  lens. 
Apoplexy  retime.     Gr.  anoir?j)%ia,  a  stroke,  and  Lat.  retina. 
Aplanatisin.     Gr.  a  priv.,  and  irXavav,  to  wander. 
Apochromatic.     Gr.  a-rro,  away  from,  and  xP^Pa,  color. 

Aqueous  humor.     Lat.  aquosus,  aqueous,  and  umor  (not  hu),  fluid,  liquid. 
Arcus  senilis.     Lat.  arcus,  a  bow,  and  senilis,  senile. 
Arcus  tarseus.     Lat.  arcus,  a  bow,  and  Gr.  rapooc,  a  flat  surface,  hence  the 

lid. 
Argamblyopia.     Gr.  ap)6g,  not  working,  and  npp.vuTria,  amblyopia. 
Argyria.     Gr.  ap^vpog,  silver. 

Arteria  centralis  retina?.     (Lat.)     Central  artery  of  the  retina. 
Asthenopia.     Gr.  aaOen/g,  weak,  and  otjjig ,  vision. 
Astigmatism.     Gr.  a  priv.,  and  trrij/m,  a  point. 
Astigmometer.  > 
Astigmometry.  \  Gr-  a  priv''  <T7'^°-  a  point,  and  fierpov,  a  measure. 

Atresia.     Gr.  arpyrog,  without  an  opening,  imperforate.     A.   pupillce,  imper- 
forate pupil  (a  priv.,  and  rprjaig,  perforation — Foster). 
Axis.     Gr.    a£w>,  axis. 

B 

Bathymorphia.  Gr.  fiadrg,  deep,  and  popibij,  form,  shape.  (Old  form  for 
Myopia.) 

Bdellatomy.  Gr.  /3tfe/U,a,  a  leech,  and  ropy,  incision.  (An  old  operation  of 
incising  a  leech  when  applied  so  that  the  blood  would  run  from  him  while 
he  continued  to  suck  it  from  patient.) 

Biconcave.     Lat.  bis,  twofold,  and  coneavus,  concave. 

Bident.    Lat.  bidens,  from  bis,  twice,  and  dens,  a  tooth. 

Bifocal.     Lat.  bis,  double,  and  focus,  a  point,  focus. 

Binocular.    Lat.  binocularis,  from  bis,  twofold,  and  oculus,  eye. 

Binodal.     Lat.  bis,  twofold,  and  nodus,  a  point. 

Blenophthalmia.     Gr.  81hva,  mucus,  and  btpda^/nia,  from  b<i>f)a?ip6g,  the  eye. 

Blepharadenes.     Gr.  jl'/.hpnpor,  eyelid,  and  adqv,  a  gland. 

Blepharadenitis.  Gr.  J//o"/"".  eyelid,  aSr/v,  a  gland,  and  itis,  denoting  inflam- 
mation. 

Blepharanthracosis .     Gr.  (Hktyapov,  eyelid,  and  avBp&Kwuig,  ulcer. 

Blephareccopeus.     Gr.  /3Xe0apov,  eyelid,  and    /,/,..-.  m.  a  knife  for  cutting  out. 
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Blepharelosis.     <ir.  8te<j>apov,  eyelid,  and  Mm>,  to  shut. 

Blephareniphyseina.    Gr.  Qltyapov,  eyelid,  and  knfixjrjfia,  inflation. 

Blepharis.     Gr.  (Jtefapig,  eyelash. 

Blepharismus.     Gr.   i>v"/"-M.  to  wink. 

Blepharitis.     Gr.  8M<j>apav,  eyelid,  and  itis,  denoting  inflammation. 

Blepharo  adenitis.    Gr.  (iteQapov,  eyelid,  ad^v,  a  gland,  and  itis,  denoting  in- 
flammation. 

Blepharo-adenoma.     Gr.  8te<t>apov,  eyelid,  adfiv,  a  gland,  and  w//a,  morbid. 

Blepharo  atheroma.     See  derivation  of  Blepharon  and  At  heroma. 

Blepharo-blennorrhoea.     Gr.  Bhtyapov,  eyelid,  and  Blennorrhea.     See  deriva- 
i  ion  above. 

Blepharo-carcinoma.     <>r.    Itefapov,  eyelid,  and  napicivufia  (Kapicivog),  a  cancer. 

Blepharo-catochus.     <>r.    8M<papov,  eyelid,  and  /cdro^oi    retentive. 

Blepharo-chromidrosis.     Gr.   dteQapov,  eyelid,  rpw/m,  color,  and  idpug,  sweat. 

Blepharo-cleisis.     Gr.  BM(j>apov,  eyelid,  and  tike'iag,  closure. 

Blepharo-cojoboma.     <ir.   Btefyapov,  eyelid,  and  noM/Sufia,  mutilation. 

Blepharo-conjunctivitis.     <ir.    Btefapov,  eyelid,   and  conjunctivitis  from  con- 
junctiva (Lat.),  and  itis,  denoting  inflammation. 

Blepharo  dyschroea.     Gr.  j3Md>apov,  eyelid,  and  dvaxpoia,  bad  color. 

Blepharcedema.     (ir.  (iteQapov,  eyelid,  and   ol6f//ia,  a  swelling. 

Blepharo-hseniatidrosis.     <ir.    \?ii<papov,  eyelid,  al/xa,  blood,  and  Idpovv,  to  sweat. 

Blepharo  hyperidrosis.     Gr.    BteQapov,    eyelid,   Mp,  excessive,   and   Idpovv,    to 
sweat. 

Blepharo -lithiasis,     Gr.  ffltyapov,  eyelid,  and  htdiaoig,  a  calculous  affection. 

Blepharo-machserion.     Or.  B^apov,  eyelid,  and  /laxaipiov,  surgeon's  knife. 

Blepharo-melsene.     Gr.  Bte<j>apov,  eyelid,  and  fieXaiveiv,  to  blacken. 

Blepharo-metrum.     <ir.  3M<j>apov,  eyelid,  and  p,frpov,  a  measure. 

Blepharon.     Gr.  BMQapov,  the  eyelid. 

Blepharoncosis.     Gr.  BteQapov,  eyelid,  and  <>)  \^n\  enlarged. 

Blepharoncus.     Gr.   Bte<j>apov,  eyelid,  and  dynog,  an  enlargement. 

Blepharopachynsis.     Gr.    fttyapov,  eyelid,  and  k&xwoic,  thickening. 

Blepharophimosis.     Gr.     BTieQapov,  eyelid.  Qi/iuoig,  anarrowing. 

Blepharophlegmasia.     lir.    BMQapcw,    eyelid,   and    $keyfj.aoia,   from  tpMya,   I  in- 
flame. 

Blepharophryplastik  (Ger.).     Gr.  BteQapav,  eyelid,   o^pw?,   the  eyebrow,  and 
iv/:do(Ttn\  to  form. 

Blepharophthahnia.     |  Gr.     BteQapov,     eyelid,  and    bipdalfiia,  inflammation  of 

Blepharophthalniitis.  ^         the  eye. 

Blepharophthahnostat.     Gr.    BteQapov,    eyelid,   b<j>B<ik[i6g,  the  eye,  and  crrarcKdg, 
fixed. 

Blepharophtheiriasis.     Gr.  j3Ai$apov,  eyelid,  and  <j>6eip  aotg,  lousiness. 

Blepharophyma.     Gr.  B^tyapov,  eyelid  and  orun,  a  tumor. 

Blepharoplasty  (Blepharoplastia,   Blepharoplastica,  and   Blepharoplastice). 
Gr.  [ilfyapov,  eyelid,  and  -'/nnnuv,  from  -'/nam.),  to  form. 

Blepharoplegia.     Gr.  3M<j>npov,  eyelid,  and  -///;//,  a  stroke. 

Blepharopsalis.     Gr.  BteQapov,  eyelid,  and  tyaTilg,  a  pair  of  scissors. 

Blepharoptosis.     Gr.  Bletyapov,  eyelid,  and  K-uaig,  a  falling. 

Blepharopyorrhcea.     Gr.  8te<papov,  eyelid,  kvov,  pus.  andpeiv,  to  flow. 

Blepharorrhaphy.     Gr.  BteQapov,  eyelid,  and  i>no>/.  a  suture. 

Blepharorrhoea.     Gr.  (Mi^opov,  eyelid,  and  peiv,  to  flow. 

Blepharospasm.     Gr.  8?<£<papov,  eyelid,   and  oiraa/ji6g,  spasm. 
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Blepharospath.     Gr.  pittyapnv,  eyelid,  and  onadri,  spatula. 
Blepharostat.     Gr.  jiM^apov.  eyelid,  and  crariKog,  fixed. 

Blepharostenosis.     Gr.  jltetyapov,  eyelid,  and  arhuatg,  a  contraction,  narrow- 
ing. 
Blepharosyniphysis.     Gr.  (iltyapov,  eyelid,  and  ovfityvoig,  a  growing  together. 
Blepharosyndesmitis.     Gr.  [3M<j>apov,  eyelid,  and  a'vvdsa/ioc,  a  bond,  a  band. 
Blepharosynechia.     Gr.  (3M<papov,  eyelid,  and  awkxeta,  a  growing  together. 
Blepharoxyston.     Gr.  /TAf<papov,  eyelid,  and  £;veiv  from  f&w,  to  scrape. 
Blepharydatis.     Gr.  p'/Jyapov,  eyelid,  and  vdarig,  a  watery  vesicle. 
Blindness.     Ger.  Blindheit.     Gr.  rv(p/or//r. 
Blindsack.     Ger.  for  Cul-de-sac. 
Blinken.     Ger.  for  Nystagmus. 
Blinkern.     Ger.  for  Nictitation. 

Brachymetropia.     Gr.  fipaxvg,  short,  /u£rpov,  measure,  and  bipig,  vision. 
Buphthalmia.   j 

Buphthalmos.  [•    Gr.  fiovg,  an  ox,  and  byQa'kfibg,  eye. 
Buphthalmus.  ) 


Cacophthalmia.     Gr.  Kaic6g,  bad,  and  b<pOalp.ia,  ophthalmia. 

Canaliculus  or  Canalicula.     Diminutive  of  canalis. 

Canalicular.     Lat.  canalicular is,  having  channels. 

Canities  or  Canita.     Lat.  canus,  white. 

Canthitis.     Lat.   canthitis,  inflammation  of  the  angle  of  the  eyelids. 

Cantholysis.     Gr.  navdog,  angle  of  the  eye,  and  Tmelv,  to  loosen. 

Canthoplasty.     Gr.  navOog,  angle  of  the  eye,  and  irMaaeiv,  to  form. 

Canthorrhaphy.     Gr.  navddg,  angle  of  the  eye,  and  pa<p??,  a  seam. 

Canthotomy,  or  Canthectomy.     Gr.  navdSg,  angle  of  the  eye,  and  rffiveiv,  to  cut. 

( !anthus.     Gr.  KavVog,  angle  of  the  eye. 

Capsa.     Gr.  K&ipa,  a  case.     See  Capsule. 

Capsitis.     Gr.  /cdi/;a,  a  case,  and  itis,  denoting  inflammation. 

Capsocataracta.     See  Capsa  and  Cataract. 

Capsulatome.     Lat.  capsula,  a  capsule,  and  Gr.  ri/xvEcv,  to  cut. 

Capsule.     Lat.  capsula,  Gr.  Kaipaniov,  a  sac. 

Capsulitis.     Lat.  capsula,  a  capsule,  and  itis,  denoting  inflammation. 

Capsulo-eiliaris.     See  Capsule  and  Ciliary. 

Capsulo-pupillary.     See  Capsule  and  Pupil. 

Capsulotomy.     Lat.,  capsula,  capsule,  and  Gr.  r&fiveiv,  to  cut. 

Carcinoma.     Gr.  Kapnivo/ia,  a  cancer,  from  mptivog,  an  eating  ulcer. 

Caruncle.     Lat.  caruncula,  diminutive  of  caro,  flesh. 

<  'ataract.     Lat.  cataracta.     Gr.  KarappaKT/jg,  from  mrappeu,  to  flow  down,  a  cata- 

ract. 
Cataractocatapiesis.     Gr.  KaTa'ppaicnjg,  a  cataract,  and  Karanieatg,  depression. 
Cataractocatathesis.     Gr.  KaTapp&Krrjq,  a  cataract,  and  KarAdeaig,  depression. 
Catopter.     Gr.  KaToirrfyp,  a  spy  (an  old  name  for  a  speculum). 
Catoptrics.     Gr.  KaroirTpucfj  (sub.  n  \r>/  or   smart/iti)  from  Karoirrpov,  a  mirror. 
Cellulitis.     Lat.    cellula,  a  small  chamber,  and   itis,  denoting  inflammation. 
Centrad.     Lat.  centrum.    Gr.  tcevrpov,  the  centre. 
Chalazacium. 

<  Chalazion. 
Chalaziophyma.     Gr.  ^a^dfwv,  and  <pv/m,  a  growth. 


(fr.    |«/'i>r,  from   \<i>"^i,  hail. 
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Chalazosis.     Gr.  \;a%dCucig,  hail  li l<<>  formations. 

Cheinosis.     (ir.    tf//zuocg,  from  xfav,  a  yawning,  or  xvP-6g,  juice. 

Chiasm,    i 

p,.    ,    .      ( 1 1'.   |jmo//a,  a  crossing,  as  the  two  limbs  of  the  letter  %• 

Chlorophane.     (Jr.    ikupbg,  green,  ipalveadai,  to  appear. 

Chorio-capillaris.     (Jr.  x.6pwv,  skin,  and  Lat.  capillaris,  capillary. 

Choriocele.     Gr.  x6plov,  skin,  and  /.//>//,  a  tumor. 

Choroid,     (ir.    xoptoetdfc,  from   tfpiov,  skin,  and  eldog ,  like. 

Choroideremia.     Gr.  topioeidfc,  skin-like,  and  ipr/pia,  devoid. 

Choroiditis.     (Ir.  %6ptov,  skin,  and  itis,  denoting  inflammation. 

Choroido-cyclitis.  Gr.  x°Pl0El&VQ,  skin-like,  /.">/"<,  a  circle,  and  itis,  denot- 
ing i11llan1111.it  ion. 

Choroido  iritis,  (ir.  xopioeidqg,  skin-like,  Iptg,  the  rainbow,  and  itis,  denot- 
ing inflammation. 

Choroido-retinitis.  Gr.  xopiostdfc,  skin-like,  and  Lat.  retina,  from  rete,  a  net, 
and  itis,  denoting  inflammation. 

Chromasia.    Gr.  xP&Pai  or  xpota,  color. 

Chromatelopsis.     Gr.  xp&pa,  color.  areTJig,  imperfect,  and  oipig,  vision. 

Chromatics,    dr.  xP^Pa,  color,  and  i-mr//////,  science. 

Chromatidrisis.     See  Chromidrosis. 

Chromatism.     Gr.  xPuPaTUJp6g,  coloration. 

Chromato-dysopia.     Gr.  xP(~JPa,  color,  6vg,  difficult,  and  difug,  vision. 

Chromatography,  Chromatology.     See  Chromatics. 

Chromatometablepsia.     (ir.  p"',"",  color,  pera,  ill,  andfl^c,  vision. 

Chromatometer.   ) 

Chromatometry.   |  <ir-   » '"•  eolor'  and^/wv,  a  measure. 

Chromatophobia.     Gr.    xpapa,  color,  and  (f>6(3og,  fear. 

Chromatopseudoblepsia.     Gr.  XP^pa,    color,  ipevdfc,  false,    and  fiteipig,  vision. 

Chromatopseudopsia.     Gr.  xp&pa,  color,  ipevdyg,  false,  and  bipig,  vision. 

Chromatopsia.     Gr.  XP&Pa,  color,  and  <"'v,,  vision. 

Chromatoptometer.  i 

Chromatoptometry.  [  Gr-  *^a'  co]or'  6™'  to  see'  aml 'u'1""'-  a  ,,ieasure- 

Chromatoscope.    ) 

Chromatoscopy.   [Gr-   ^-"^  eolor'  and  '*""**•  to  eX{Ullllie- 

Chromatoskiameter      Gr.  i/";vyft,  color,  ama,  a  shadow,  and  ufrrpov,  a  measure. 

Chromidrosis.     Gr.    XP&pa,  color,  and  ISpuoig,  perspiration. 

Chroiiiiometer.  i 

Chromometer.    \  See  Chromatometer. 

Chromophane.     Gr.  xp&pa,  color,  and  tpdiveadai,  to  appear. 

Chromopia.     See  Chromatopsia. 

Chromopseudopsia.  i  ,  „,     ,  ,  ,  , ,        .  . 

ni  ,        •        (ir.    i/»."/'/.  color,  i/v rrVz/f   false,  and  oilug ,  vision. 

Chromopseudopsis.  \  '  ' 

Chromopsia      See  Chromatopsia. 

Chromoptometer.    i  .  ,    , 

r,,  .  -  (-ir.    rpaua,  color,  ottteveiv,  to  see,  and  werpov,  a  measure. 

Chromoptometry.  ) 

Cilia,  pi.  of  Cilium.     Lat.  cilium  (literally)  an  eyelid.     Gr.  m'/«,  an  eyelid. 

Ciliary.     Lat.  ciliaris,  pertaining  to  the  cilia. 

Circnmcorneal.     Lat.  circum,  around,  and  cornealis,  corneal. 

Circumlentil.     Lat.  circum,  around,  and  lens,  a  lentil. 

Cirsoblepharon.     Gr.  tupo6g,  a  varix,  and     3te</>apov,  the  eyelid. 

Cirsophthalmia.     Gr.  tupadg,  a  varix.  and  btjtdaXpia,  inflammation  of  the  eye. 
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Clavus  oculi.     Lat.  clavus,  a  nail,  and  oculus,  eye. 

Coloboma.     Gr.    KoMftu/ia,  imperfection. 

Commissure.     Lat.  commissure/,,  a  joining  together,  point  of  union. 

Concave.     Lat.  concavus;  hollowed  out. 

Concavo-concave.     Lat.     concavo-concavus.     See  Biconcave. 

Concavo-convex.  Lat.  concavo-convexus,  concave  one  side,  and  convex 
other  side. 

Concentric.     Lat.  eonoentricus,  common  to  one  centre. 

Concomitant.  Lat.  concomitans,  from  con,  with,  and  comitate,  to  accom- 
pany. 

Confusio,  Confusion.   Lat.  confusio,  from  con,  together,  and  fundere,  to  pour. 

Conical.     Gr.  noviicSg,  cone-shaped. 

Conjugate.     Lat.  conjugatus,  yoked  together. 

Conjunctiva.  Lat.  conjunctivas  (tunica,  understood),  from  con,  together 
and  jungere,  to  join. 

Conjunctivitis.  Lat.  conjunctiva,  from  conjungere,  to  join,  and  itis,  denoting 
inflammation. 

Conus  cornealis.     Lat.  conus,  a  cone,  and  cornealis,  corneal. 

Convergence.  Lat.  convergentia,  from  convergere,  to  incline  toward  each 
other. 

Convex.  Lat.  convexus,  an  arched  surface  the  centre  of  which  is  higher  than 
the  edges. 

Convexo-concave.     See  Concavo-convex. 

Convexo-convex.     Lat.  convexo-convexus.     See  Biconvex. 

Convexulus.     Lat.  dim.  from  convexus,  convex. 

Co-ordination.     Lat.  coordinatio,  harmonious  action. 

Copiopia.    )  .    ,  , 

^  .       -  Gr.  kottoc  painful,  and  omg  vision. 

Copopsia.   \ 

Coquilles.     Fr.  coquille,  a  shell.     Gr.  Kox^iag,  a  spiral  shell. 

Core.     Gr.  ko/w?,  the  pupil  of  the  eye. 

Corectasis.     Gr.  nop//,  the  pupil,  and  itKTaaig,  dilatation. 

Corectenia.     Gr.  «op?;,  the  pupil,  and  kuTeveia,  extension. 

Corectodialysis.     Gr.  ndprj,  the  pupil,  and  titalvotq,  liberation. 

Corectomia.     Gr.  xdpr/,  the  pupil,  and   eKrefivev,  to  cut  out. 

Corectomodialysis.     See  Corectodialysis. 

Corectopia.     Gr.  ndpy,  the  pupil,  and  irKTovog,  out  of  place. 

Coi'edialysis.     Gr.  Koprj,  the  pupil,  and  dtafanrig,  liberation. 

Corediastasis.     Gr.  Koprj,  the  pupil,  and  Siaaraaig,  dilatation. 

Corediastole.     See  Corediastasis. 

Corelysis.     Gr.  K(>pr/,  the  pupil,  and  Tiveiv,  to  loosen. 

Coremetamorphosis.     Gr.  n.6pi),  the  pupil,  and  fieTa/idpi/uoaig,  a  transformation. 

Coi-emetathesis.     Gr.  Kopi],  the  pupil,  and  fieTadeaig,  changing. 

Corencleisis.     Gr.  Koptj,  the  pupil,  and  iviikeiaig,  inclusion. 

Coreometer.     Gr.  k<>pv,  the  pupil,  and  fierpov,  a  measure. 

Coreoncion,  Coreoncium.     Gr.  nopri,  the  pupil,  and  by/cog,  a  hook. 

Corephthisis.     Gr.  n6pj],  the  pupil,  and  Qdioig,  a  dwindling. 

Coreplasty.     Gr.  Kdpri,  the  pupil,  and  nhaariufi,  from  kMooo,  to  form. 

Corestenoma.     Gr.   '<"/"/.  the  pupil,  and  arhu/ia,  a  narrow  place. 

Coretodialysis.     Gr.  n6pv,  the  pupil,  and  Siahxstg,  a  loosening. 

Coretomodialysis.     '>«/"/,  the  pupil,  ri/iveiv,  to  cut.  and  di&Xvoig,  a  loosening. 

Coretomy.     Gr.  i<6pr/,  the  pupil,  and  rt/iveiv,  to  cut 
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Coretonectomy.     Gr.  ndpy,  the  pupil,  and  kKre/xveiv,  to  cut  out. 

Coretotomy.     Gr.  K6pij,  the  pupil,  and  te/iveiv,  tocut. 

Cornea.     Lat.  cornu,  a  horn. 

Corneitis.    Lat.  cornea,  from  cornu,  horn,  and  itis,  denoting  inflammation. 

Coroinegine.     (ir.  ttdpy,  the  pupil,  and  /^yag,  large. 

Coromeiosis,  Coromiosis.     Gr.  K6pq,  the  pupil,  and  fieiaaig,  diminution. 

Coromorphoma.     Gr.  xop//,  the  pupil,  and  puptp.iua,  a  form. 

Coromorphosis.     Gr.  *"/»/,  the  pupil,  and  /udpQumg,  a  forming. 

Coromydriasis.     See  Mydriasis. 

Coropareleysis.     Gr.  '>"/»/,  the  pupil,  and  napklavaig,  from  n-ape/kw,  to  draw  aside. 

Cortex.     Lat.   cortex,  the  bark. 

Cortical.     Lat.  cortical  is,  pertaining  to  the  cortex. 

Couch.     Pr.  couoher,  to  lay  down. 

Couching.    See  Reclination. 

Cryptophthalmia.    i  _  ,,.-,,  , 

Cryptophthalmus.    \  Gr"  Kfmer6s>  hldden'  and  °^aA^?<  the  e>*e- 
Crystalline.     Gr.  Kpvffra^.^,oei(J^f,  from  KpvcTcM,og,  crystal,  and  elSog,  like. 
Crystallinocapsulitis.     Gr.  tcpvoraXfavog,  from  KpdoraAAof,  crystal,  Lat.  capsula% 

capsule,  and  itis,  denoting  inflammation. 
Crystallinocele.     Gr.  upvoraXkivog,  of  crystal,  and  d/fa),  a  tumor. 
Crystallitis.     Gr.  tcpvaraMog,  crystal,  and  itis,  denoting  inflammation. 
Crystallocatapiesis.     Gr.  upvoTaXkog,  crystal,  and  nara-itau-,  a  pressing  down. 
Crystallocataracta.     Gr.  spi  pra'/'/oc,  crystal,  and  Karalu'mKrr/r,  a  cataract. 
Crystallocatathesis.     Gr.  k/ nam/ log,  crystal,  and  Karddeaig,  a  putting  down. 
Crystalloiditis.     See  Crystallitis. 

Crystalloparatopia.     Gr.  tcpvora^log,  crystal,  frapd,  aside,  and  r6~og,  a  place. 
Cul-de-sac.     Fr.  cul-de-sac,  a  blind  alley. 
Cyclicotomy.     (<r.  Kvuluiog,  circular,  and  ri/irnv,  tocut. 
Cy clitis.     Gr.  tcvuTiog,  a  circle,  and  itis,  denoting  inflammation. 
Cyclopanophthalmia.     Gr.  kvkXuij),  the  round-eyed,  «  privative,  and  b$da2fi6gY 

the  eye. 
( 'yclopia.     Gr.  KVKMtntog,  the  round-eyed. 

Cycloplegia.    Gr.  kwcAoc,  a  circle,  and  ->/,;>/,  a  stroke,  paralysis. 
Cyclotome.  Gr.   kvk/.o<;,  a  circle,  and  tijuveiv,  to  cut. 
Cylicotomy.  Gr.  kvTu!-,  a  cup,  and  re/iveiv,  to  cut. 
Cylinder.    Gr.  d/tvdpor,  a  cylinder. 
Cylindrical.   Gr.  Kv7avdpiic6g,  cyclindrical. 

Cylindriform.     Gr.  Kv?.iv6pog,  a  cylinder,  and  Lat.  forma,  shape. 
Cysticercus.    Gr.     Kvarig,  a  sac,  and  dpKog,  a  tail. 
Cystotome.    Gr.  icvorig,   a  sac,  and  rfuvar,  to  cut. 


D. 

Dacryadenalgia.     Gr.  Sdupvov,  a  tear,  aSfo,  a  gland,  and  alyog,  pain. 
Dacryadenitis.     Gr.  Sdupvov,  a  tear,  adqv,  a  gland,  and  itis,  denoting  inflam- 
mation. 
Dacryadenoscirrhus.     Gr.  daupvov,  a  tear,  adi/v,  a  gland,  and  onipoc,  hard. 

Dacrvsemorrhvsis.      ?  .-,       c  <  *       i  i      i         j  -  -  a 

_         .  ;       .      c  Gr.  oanpvov,  a  tear,  aiua,  blood,  and  pvotg,  a  flowing. 

Dacryhsemorrhysis.  ' 

Dacryagogatresia.     Gr.   daicpvov,  a  tear,  ayuydg,  guiding,  and  arpiyroc,  closed. 
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Dacryagogus.     Gr.    daitpvov,  a  tear,  and  ayuy6g,  guiding,  conducting. 

Dacryallosis.     Gr.  dattpvov,  a  tear,  and  a22oiuatg,  alteration. 

Dacryelcosis.      |  ~       ,,  ,  ..  ,         ,. 

_  ,    .       .      f  Gr.  oaapvov,  a  tear,  and  e/kwatr   ulceration. 

Dacryhelcosis.   ) 

Dacrygelasis.     Gr.  daupvov,  a  tear,  and  yelug,  laughter. 

Dacryin.     Lat.  dacryinum,  from  Gr.  daupvov,  a  tear. 

Dacryma.     See  Dacryon. 

Dacryoblennorrhoea.     Gr.    daupvov,  a  tear,  (ilkvva.,  mucus,  and  pelv,  to  flow. 

Dacryocystalgia.     Gr.  daupvov,  a  tear,  kvgtlq,  a  sac,  and  akyog,  pain. 

Dacryocystatonia.     Gr.  daupvov,  a  tear,  Kvong,  a  sac,  and  arovia,  slackness. 

Dacryocyste.    |  _      ,,  ,    , 

—.  , .     r  Gr.  daupvov  a  tear,  and  kvotiq  a  sac. 

Dacryocystis.  ) 

Dacryocystitis.  Gr.  daupvov,  a  tear,  nvang,  a  sac,  and  £££s,  denoting  inflamma- 
tion. 

Dacryocystoblennorrhoea.  Gr.  daupvov,  a  tear,  Kvorig,  a  sac,  (itevva,  mucus,  and 
peiv,  to  flow. 

Dacryocystoblennostasis.  Gr.  ddicpvov,  a  tear,  nvorig,  a  sac,  jlltwa,  mucus,  and 
ardaig,  stagnation. 

Dacryocystocele.     Gr.  daupvov,  a  tear,  icvang,  a  sac,  and  */)/;/,  a  tumor. 

aciyocjs  op     j    .   /  ^r    ^  a  tear  K'vaTir^  a  sac,  and  ktuoiq,  a  falling. 

Dacryoptosis.  ) 

Dacryocystosyringokatakleisis.     Gr.  daupvov,  a  tear,  n'vang,  a  sac,  ovpiy^,  a  fis- 
tula, and  naTanleAoiq,  a  shutting  up. 
Dacryodes.     Gr.  daupvadr/g,  tear-like. 

Dacrvohsemorrhoea.    )  „      ^  ,       . 

T.  ,  .      .     f  See  Dacrvamiorrhysis. 

Dacryonaemorrnysis.  ) 

Dacryoid.     Gr.  dmpvudtjg,  tear-like. 

Dacryolin.     Fr.  dacryoline,  from  Gr.  ddicpvov,  a  tear. 

Dacryolite.  |  ~      ,,  -,  -,//, 

,-.       •    ..,,     i  Gr.  daupvov,  a  tear,  and  Judog,  a  stone. 

Dacryohth.  ) 

Dacryolithiasis.     Gr.    daupvov,  a  tear,  and  Tudiaaig,  stone  formation. 

Dacryoma.     Gr.  daupvov,  a  tear,  and  b/ia,  a  tumor. 

Dacryon.     Gr.  ddicpvov,  a  tear. 

Dacryonome.     Gr.  ddicpvov,  a  tear,  and  vop.ii,  an  eating  sore. 

Dacrvopeus.    \  ~       ,,  ,        ,     e  ,  , 

^       J    l    .        r  Gr.  daicpvov,  a  tear,  and  iroiog,  from  koieu,  to  produce. 

Dacryopoios.   J 

Dacryops.     Gr.  daupvov,  a  tear,  and  <ji/>,  the  eye. 
Dacryopyorrhoea.     Gr.  ddicpvov,  a  tear,  t/w,  pus,  and  peiv,  to  flow. 
Dacryosolen.     ddicpvov,  a  tear,  and  cukijv,  a  canal. 

Dacryosolenitis.     daupvov,  a  tear,  and  aulyv,  a  canal,  and   iY«s,  denoting    in- 
flammation. 
Dacryostagia,     \ 

Dacryostagma,  >  Gr.  daupvov,  a  tear,  crd^eiv,  from  ffrdfa),  to  drop. 
Dacryostagon.    ) 
Dacryosyiinx.     Gr.  ddicpvov,  a  tear,  and"'/"};,  a  canal. 

Dacryrrhoea.    ?  ,-,      -^  T 

T.  ,       .     r  See  Dacrvorrlura. 

I  >acryrrnysis.  ' 

Daltonism.     (Lat.   daltonism? is).    See  Achromatopsia. 

Decentered.     Lat.  de,  from,  and  centrum,  from  Gr.  iclvrpov,  a  centre,  point. 

Decussation.     Lat.  decussatio.  from  decussare,  to  cross. 

Deorsum  vergens.     Lat.  deorsum,  downward,  and  vergo,  to  turn. 
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Depilation.     Lat.  depilatio,  from  depilare,  to  pluck  out  hair. 
Descemetitis  (word  improperly  formed.  -Dung.).     Desceinet,  and  itis,  denot- 
ing inflammation. 
Deseemetocele.     Desceinet,  and  Gr.  <>/,>//,  tumor. 
Diaptosis.     Gr.  Si&tttuois,  a  falling  away.     See  Ptosis. 

Dichroism.         )  . ,      r  -  ,,        ,  , 

.,.  ,  ,.        r  Gr.  otf  twofold,  and  rpoi&tv,  to  color. 

Dichromatism.  ) 

Dichromatopsia.  }  r,      ,- 

...   ,  .  Mjrr.  o/f,  twice,    xPupa   color,  and  oijvc  .vision. 

Dichromism.         > 

Dichl'oscope.     Gr.  dixpoog,  double  color,  and  ukotteIv,  to  see. 

Dictyitis.     Gr.  6'ucrvov,  a  net,  and  itis,  denoting inflanmiation.     See  Retinitis, 

Dictyopsia.     Gr.  6'iktvov,  a  net,  and  dipig,  vision. 

Dictyoschisma.     Gr.  dutrvnv,  a  net,  and  ^i"7,"",  a  cleft. 

Dictyosie.     Fr.  dictyosie,  from  Gr.  <5iktv6u,  to  weave  like  a  net. 

Dilaceration.     Lat.  dilacerare,  to  tear  apart. 

Dilatation.     Lat.  dilatatio,  from  dilatare,  to  dilate,  widen. 

Diopht halmus.     Gr.  <Kf,  twice,  and  b<pdaX/i6g,  the  eye. 

Diops.     Gr.  dig,  twice,  and  wip,  the  eye. 

Diopsimeter.     Gr.  diotpig,  accurate  view  of,  and  p-irpov,  a  measure. 

Diopter.    \ 

Dioptre.    >Gr.  'Vo-r^p,  a  spy.     See  Dioptra. 

Dioptry.    ) 

Dioptometry.    j  /-,      *<  ,    , 

_.  *  •      Y  dr.  0L0TrT7/p  a  spy,  and  uerpov,  a  measure. 

Dioptrometry.  ) 

Dioptoscopy.     Gr.  Shirrf/p,  a  spy,  and  aicoiriu,  to  see. 

Dioptra.     Gr.   dioirrpa,  a  spying-tube. 

Dioptric.     Gr.  diotrrpiKdc,  pertaining  to  the  use  of  the  Dioptra. 

Dioptrics.     Fr.  dioptrique.     (The  science  of  refraction.) 

Dioptrismus.     Gr.  6to7T-pcap6g,  an  opening  with  the  Dioptra. 

Dioptrion.  ) 

-^..      ,  r  <jrr.  otoiTTpov.     See  Dioptra. 

Dioptron.     )  ^ 

Diplopia.  )  ri       .    ,  ,       ...  ,  .  . 

-r..    ,        •     i"  Gr.  o«r/*>oc,  double,  and  otbig  vision. 

Diplopsis. ) 

Disc,     SioKag,  a  round  plate. 

Discission.     Lat.  discissio,  from  diseindere,  to  cut  apart. 

Distichiasis.     Gr.  diarixui,  a  double  row. 

„.       °  i  Lat.  divergens,  from  dis.  apart,  and  vergere,  to  tarn. 

Divergent.        )  w  r  » 

Duct.     Lat.  ductus,  from  ducere,  to  lead. 

Dynamic.     Gr.   dwapindg,  from  Svvapig,  power. 

Dvschroinatope.      ?  _       r  .        ,        .  ,  ... 

„       ,  ,       .     r  Gr.  ovc  confused,  xPuFa,  color,  and  oi/«f  vision. 

Dyschromatopsia.  > 

Dyscoria.     Gr.    6vg,  confused,  and  <>"/"/.  the  pupil. 

Dysope.     \ 

Dysopia.    >  Gr.  6vawiria,  a  look  of  shame. 

Dysopsia.  ) 

Dysorasis.     Gr.  Svg,  confused,  and  bpaair,  vision. 

E. 

Ecchymosis.     Gr.  tK,\vinjan:,  from  ek,  out,  i'f"'.  to  pour. 

Ectasia.  |  Gr    ^         a  stretching  out. 
Ectasis.  ) 
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Ectopia. 

Ectopie. 

Ectopion. 

Ectopsis.  j-  Gr.  tKroKOQ,  out  of  place. 

Ectopisnius 

Ectopium. 

Ectopius. 

_.   .         .      '    f  Gr.  eKTfioTriov   from  hTpeneiv   to  turn  out. 
Ectropium.  ) 

Embolism.     Gr.  epjioAtapog,  from  kp  flak-few,  to  throw  in. 

Emmetropia.     Gr.    eppsTpoq,  according  to  measure,  and  tty,  the  eye. 

Encanthis.     Gr.  h/Kavtiic,  from  ev,  in,  and  navdog,  corner  of  the  eye. 

Endothelium.     Gr.  tvdov,  within,  and  6i?M,  a  nipple. 

Enophthalmia.      J.  Qr    -,.  ,      and  ..^^  tfae  eye 

Enophthahnus.      ) 

Entoptic.     Gr.  kvrog,  within,  and  bnriKdg,  optic. 

Entoptics.  |  .     .         ...  .       „  ,  . 

_,    ,      ,  r  Gr.  fiT«r,  within,  wi/1,  the  eye,  and  aKanew,  to  view. 

Entoptoscopy.   )  J   ' 

Entropion.     \  „  , 

_.    ,        .  -  Gr.  fc,  in,  and  room],  a  turning:. 

Lntropmm.   ) 

Enucleation.     Lat.  enucleare,  to  take  out  the  kernel. 

Ephidrosis.     Gr.  fyidptoaig,  from  £?"',  upon,  and  idpug,  sweat. 

Epiblepharon.     Gr.  ini,  upon,  and  flfetyapov,  the  eyelid.     See  Epicanthis. 

„    .  [  Gr.  £7T'-,  upon,  and  xavfior  the  angle  of  the  eve. 

Epicanthus.  '  ^ 

Epilation.    Lat.  epit'atio,  from  e  priv.,  and  pilus,  a  hair. 

Epiphora.     Gr.  eirubopd,  from  kmtykpw,  to  bring  upon. 

Episelera.       )  Gr  ^  n^Qn  and  aK%vp6^  ^ard. 

Episclerotic.  ) 

Episcleritis.      Gr.  inl,  upon,  oKA-qpoq,  hard,  and  itis,  denoting  inflammation. 

Episcope.     Gr.  eni,  upon,  and  okottbIv,  to  view. 

Episcotister.     Gr.  iirioKoHfriv,  to  throw  a  shadow  over. 

Epithelium.     Gr.  km,  Upon,  and  Orjfe],  a  nipple. 

Erythropia.     \ 

Erythrops.       [■  Gr.  eptidp6c,  red,  and  biptg,  vision. 

Erythropsia.  ) 

Erythropsin.     See  Visual  Purple. 

Eversion.     Lat.  eversio,  a  turning  outward. 

Evisceration.     Lat.  eviseeratio,  from  ex,  out,  and  viscera,  the  viscera. 

Excision.     Lat.  excisio,  from  ex,  out,  and  ecedere,  to  cut. 

Exclusion.     Lat.  exclusio,  from  excludere,  to  shut  out. 

Exenteration.     Gr.  £?,  out  of,  and  ivrepa,  the  entrails. 

Exophthalmia.  \ 

Exophthalmos.   -<ir.   £f,  out,  and  b<j>6a} u6g,  the  eye. 

Exophthalmus.  ) 

Exophthalmoineter.      Gr.    kSjoijiOakpog,    with    prominent    eyes,    and    ukrpov,   a 

measure. 

Extraction.     Lat.  extractio,  from  e#,  out  of,  and  trahere,  to  draw. 

Extra-ocular.     Lat.  extra-ocula)  ish  outside  the  eyes. 

Extra-orbital.     Lat.  extra-orhitalis,  outside  the  orbits. 

Eye.    A-S.  cege;  O.  Sax.  oga;  N.  II.  Ger.,  auge;  Gr.  <'»/';  Lat.  oculus. 
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F. 


Facultative.    Lat.  facultas,  capability. 

Fantoscope.     tir.  QavTao/ta,  an  image,  and  anone'iv,  to  view. 

Fenestra.     Lat.  fenestra,  a  window. 

Fixation.     Lat.  fixatio,  f roiu  figere,  to  fasten. 

Focus.    Lat.  focus,  a  hearth, 

Foramen.    Lat.  forum*  n,  an  opening. 

Fornix.     Lat.  fornix,  an  arch. 

Fovea.     Lat.  fovea,  a  small  point. 

Fundus.     Lat.  fundus,  a  bottom. 

Fusca.     Lat.  fuscus,  dark. 

G. 

Gerontoxon.     Gr.  y£pwv:  an  old  man,  and  r6£ov,  a  bow. 

Glaucoma.     Gr.  yhavKUfia,  from  ;>or/air,  green. 

Glaucosis.     Gr.   yXabicuGig,  from  yTiavKoo/iai,  to  blind  by  glaucoma. 

Glioma.     Gr.    yMa,  glue. 

Q-oggles.     O.  Eng.,  goggle-eyed.     Cf.  Lat.  code*,  from  Gr.  ckotoq,  darkness, 

and  Lat.  oculus,  the  eye. 
Grando.     Lat.  grando,  hail. 
Green-blindness.     See  Achloropsia. 

H. 

Hyemophthalmia.     Gr.  alua,  blood,  and  o(pda?./iia,  a  disease  of  the  eyes. 

Hamiophthalmus.     Gr.  ataa,  blood,  and  bcfida'/pog,  the  eye. 

Hemeralopia.  )  „       ,   ,        ,  n  „  , 

-u  if  Gr.  ijiitpa   day,  and  ofu;  vision. 

Hemeralops.    )  '       J ' 

Hemiachromatopsia.     Gr.  ypi,  half,  a  priv.,  xp'~')Pa,  color,  and  Ifyig,  vision. 
Hemiopalgia.     Gr.  ypt,  half,  S>ip,  the  eye,  and  a/jot;,  pain. 
Hemiopia.       "1 
Hemiopiasis.    I 

Hemiopsia.       j  &r-  ""-  half"  and  b^  vision- 
Hemiopsis. 

Heteronymous.     Gr.  erepog,  different,  and  ovvfta,  a  name. 

Heterophthalmia.     Gr.  sTepoQdatyla,  from  erepoc,  different,  and  b<p8a/.u ia,  ophthal- 
mia. 
Heterophthalmos.     Gr.  erepo^daX/iog,  from  erepog,  different,  and  b66a?,fi6r,  the  eye. 
Hippus.     Gr.  i--of,  a  horse  ;  from  twinkling  of  a  man's  eyes  on  horseback  (?). 
Homocentric.     Gr.  bpoc,  common,  and  Ktrrpov,  a  centre. 
Homonymous.     Gr.  bfiuvvfiog,  from  6//df,  one,  and  bvvpa,  name. 
Hordeolum.     Lat.  dimin.  from  hordeum,  barley;  or  hordeohis,  a  stye. 
Horopter.     Gr.  bpoc,  a  boundary,  and  bnryp,  one  who  sees. 
Hyalitis.     Gr.  balmig,  from  ia'/nc,  o-iass<  and  it  is,  denoting  inflammation. 
Hyaloid.     Gr.    vaXog,  glass,  and  e'idog,  like. 
Hydrophthalmia.     Gr.  vdop,  water,  and  otpda/./xla,  ophthalmia. 

Hydrophthalmion.    )  ..  .a      ,         ..... 

tj     ,        i  »,     i     •  f  Gr.  voup   water,  and  owa/.iuov  a  little  eve. 

Hydrophthalmium.  '  J 

Hvdrophthalmos.  )  ,,       .  t  ,  ,   „  ,    ,     ,, 

tt'    ,        ,  ,,     ,  r  trr.  voup,  water,  and  o-Ha/uor,  the  eve. 

Hydrophthalmus.  )  J 
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>■  Gr.  v(f. 


Hypaemia. 

Hyphema.   }■  Gr.  vtyaifia,  from  vn6,  under,  and  aifia,  blood. 

Hyphamiia. 

Hyperbolic.     Gr.  virepflo?iu<6g,  from  vnepfiaXlEiv,  to  throw  or  reach  beyond. 

Hypernietropia.     Gr.  vnkp,  beyond,  fcerpov,  a  measure,  and  6ipig,  vision. 

Hyperopia.     Gr.  virtp,  over,  and  oipic,  vision.    See  Hypernietropia. 

Hyperopsia.     Gr.  vwEpotpia,  or  vnepipig,  from  vnepoipopai,  overlooking. 

Hypertonia.     Gr.  viriprovog,  from  virep,  over,  and  reivu,  to  stretch. 

Hypometropia.     Gr.  i>7ro,  under,  perpov,  measure,  and  bipig,  vision. 

Hypopyon.    )  „       ,    .         ,  ,     . 

T1  r  Gr.   vird,  under,  and  irvov,  pus. 

Hypopyum.  < 

Hypotonia.     Gr.  V7r6,  under,  and  rdvog,  tension. 


I. 

Idioptcy.     Gr.  IStog,  one's  own,  and  uip,  sight.     See  Achromatopsia. 

Illaeriinatio.     See  Epiphora. 

Illaqueatio.     Lat.  from  illaqueare,  to  ensnare. 

Incapsulation.     Lat.  incapsulatio,  from  in,  in,  and  capsula,  dimin.  of  capsa, 

from  capio,  to  contain. 
Incarceration.     Lat.  incarceratio,  from  in,  in,  and  carcerare,  to  imprison. 
Incisurae.     Lat.  incisura,  an  incision. 

Inclusion.     Lat.  inclusio,  from  in,  in,  and  cludere,  to  shut. 
Inocular.     Lat.  in,  in,  and  oculus,  the  eye. 

Insufficiency.     Lat.  insvfficientia,  from  in,  in,  and  sufficientia,  a  sufficiency. 
Intercalar.       \ 

Intercalary.     [■  Lat.  intercalaris,  inter  cedar  ins,  from  intercalate,  to  insert. 
Intercalated.  ) 
Inter-pupillary.     Lat.    inter,  between,   and   pupillaris,   belonging    to    the 

pupil. 
Intraocular.     Lat.  intra,  within,  and  oculus,  the  eye. 
Intraorbital.     Lat.  intra,  within,  and  or&«'to,  the  orbit. 
Iracundus.     Lat.  iracundus,  from  ira,  anger. 
iralgia.       qy    j       ^e  —^  an(j  ^yog,  pain. 
Irealgia.  ) 

Ireancistron.    )  gee  Iriankistrium. 
Ireankistron.    ) 
Irediremia.     See  Iridiremia. 
Ireoncion.     See  Iridoncus. 

Ireoperisphinxis.     Gr.  Ipig,  the  iris,  nepi,  around,  and  <y<piy£ig,    a  constriction. 
Iriancistron.       \ 

Iriankistrium.   v  Gr.  Ipig,    the  iris  and  aynurrpov,  a  fish-hook. 
Iriankistron.      ) 

Iridadenosis.     Gr.  Ipig,  the  iris,  and   adqv,  a  gland. 
Iridsemia.     Gr.  Ipig,  the  iris,  and  al/ta,  blood. 
Iridalgia.     Gr.  ipig,  the  iris,  and  akyog,  pain. 

Iridallochrosis.     \  qv    lp(^  the  irig)  '^T^g,  different,  and  xpuw,  a  coloring, 
Iridoallochrosis.  ' 

Iridancistron.  f  See  Iriankistrium. 

Iridankistron.  J 
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Iridarseosis.     <<r.  Ipig,  the  iris,  and  apaiaotg,  becoming  thin,  atrophy. 
Iridauxe.     Gr.  Ipig,  the  iris,  and  aity,  growth. 
Iridauxesis.     Gr.  Ipig,  the  iris,  and  abfyoig,  growth. 
Iridavulsion.     / 


Irido.ivulsion.  * 


Gr.  '/»",  the  iris,  and  Lat.  avulsio,  a  tearing  off. 


Gr.  Ipig,  the  iris,  and  ey/cteZv,  to  shut  in. 


[ridectomedialysis.    Gr.  Ipig,  the    iris,   e/cro^,  a  cutting  out,   and  6idXvaigt  a 

palling  apart. 
Iridectomy.      /  (Jr    j       th(>  irjs  and  ;KTnll^  aeuttingout. 
Lrido  ectomy.   ' 

Iridectropion.   }  . ,      .       ,,     .  •  ,  . 

1  .  .  ( i  r.   Iptg,  the  ins,  and  enTpamov,  a  turning  out. 

Lridectropium.  ' 

Iridelcosis.     Gr.  Iptg,  the  iris,  and  e?Muoig,  ulceration. 

Iridencleisis. 

Iridencleismus. 

Iridenkleisis. 

Iridoencleisis. 

Iridotencleisis.   J 

[ridentropium.     Gr.  Ipig,  the  iris,  and  for  pony,  a  turning  toward. 

Irideremia.     Gr.  Ipig,  the  iris,  and  epq/tia,  the  want  of 

[ridesis.     Gr.  Ipig,  the  iris,  and  dimg,  a  binding. 

Iridocele.     Gr.  Ipig,  the  iris,  and  /.//>'/,  a  tumor. 

Iridochoroiditis.  Gr.  Ipig,  the  iris,  i"/«<»/<V,  the  choroid,  and  itis,  denoting 
inflammation. 

iriaocmesis.     q.t    *l/)(l^  ^ie  jrjg  an(j  Ku,,/nn^  movement. 

Iridokinesis.  ' 

Iridocoloboma.     Gr.  Ipig,  the  iris,  and  KoMfivfta,  imperfection. 

Iridocyclitis.  Gr.  Ipig,  the  iris,  m/,/.»,  a  circle,  and  itis,  denoting  inflamma- 
tion. 

Irido-cyclo  choroiditis.  Gr.  Ipig,  the  iris,  kiwAo?,  a  circle,  a"/"'""5'/f,  the  choroid, 
and  itis,  denoting  inflammation. 

Iridocyte.     Gr.  Ipig,  the  iris,  and  Kirog,  a  cell. 

Iridodesis.  /  (,r    lp/^  the  iris  and  j^  a  binding. 

Iriodesis.     ' 

lridodialysis.     Gr.  Ipig,  the  iris,  and  diakvcig,  a  separating. 

lridodiastasis.     Gr.  fy«f,  the  iris,  and  diacTaoig,  a  separation. 

Irido-donesis.     (ir.  //>"'.  the  iris,  and  dovelv,  to  shake. 

Iridoleptynsis.     Gr.  Ipig,  the  iris,  and  Xbmmng,  a  making  thin. 

Iridomalacia.     Gr.  ipig,  the  iris,  and  fiaXaxia,  softness. 

in  oinec  la  \  sis.      lQ.Tm  ipig^  the  iris,  p-iaog,  middle,  and  diiXvmg  a  separating. 
Iridomesodialysis.  ) 

Iridomelanoma.     Gr.  Ipig,  the  iris,  and  pehavapa,  blackness. 
Iridomelanosis.     Gr.  Ipig,  the  iris,  and  fie2£vuoig,  a  becoming  black. 
Irido-motor.     Gr.  Ipig,  the  iris,  and  Lat.  movere,  to  move. 
Iridoncosis.     Ur.  Ipig,  the  iris,  and  bynuoig,  a  puffing  out. 
Iridoncus.     fir.  Iptg,  the  iris,  and  6}«>f,  a  tumor. 
Iridoodea.     Gr.  Ipig,  the  iris,  £>6v,  an  egg,  and  eidog,  resemblance. 
Iridoparalysis.     Gr.  Ipig,  the  iris,  and  napalvoig,  paralysis. 
Iridoparelkysis.      Gr.   Ipig,  the  iris,  and  irapekKvoig,  a  delaying. 
Iridoparesis.     Gr.    Ipig,  the  iris,  and  wdpsoig,  a  letting  go. 

Iridoperiphacitis.    }  Gr    ipig,  the  iris.  rrepi,   around,  0a/«5f,  lentil,  and  itis,  de- 
Iridoperiphakitis.  *         noting  inflammation. 
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Iridoperiphractis.     Gr.  Ipig,  the  iris,  mpi,  around,  and  Qpanrug,  fenced  in. 

Iridoperisphinxis.     Gr.  Ipig]  the  iris,  -n-epi,  around,  and  a$iy%ig,  a  binding  tight. 

Iridophlebocolpos.     Gr.  Ipig,  the  iris,  tpMtp,  a  vein,  and  ndlacog,  the  bosom. 

Iridoplania.     Gr.    Ipig,  the  iris,  and  nlavrj,  a  wandering. 

Iridoplasma.     Gr.  Ipig,  the  iris,  and  irlavfia,  anything  moulded. 

Iridoplegia.     Gr.    Ipig,,  the  iris,  and  ^nyv,  a  blow. 

Iridoptosis.     Gr.  Ipig,  the  iris,  and  nrucig,  a  falling. 

Iridorrhagis.     Gr.  Ipig,  the  iris,  and  paydg,  a  rent. 

Iridorrhexis.     Gr.  Ipig,  the  iris,  and  py%ig,  a  cleft. 

Iridorrhoge.  )  r,      »        ,,      .  .  -.  ,  ,  -         .   -, 

T  . ,     ,      &      -  Gr.  ipig,  the  iris,  and  pug,  a  cleft. 
Indorhox.      ) 

Iridorrhytidoma.  )  r,      ->       . ,      .  .  -,  .     -        t  ,  -, 

T  . ,       ,     ,. ,     .       r  Gr.   ipig,  the  iris,  and  pvng  a  fold. 
lndorrhytidosis.    ) 

Iridoschisis.     G.  Ipig,  the  iris,  and  ox'ioig,  a  cleaving. 

Iridoschisma.     Gr.  </"f,  the  iris,  and  ax'iopa,  a  cleft. 

Iridosteresis.     Gr.  Ipig,  the  iris,  and  orepqaig,  a  taking  away. 

Iridotome.     Gr.  ipig,  the  iris,  and  ropr/,  a  cutting. 

Iridotomedialysis.     Gr.  ipig,  the  iris,  ropy,  a  cutting,  and  fodAwif,  a,  separating. 

Iridotomencleisis.     Gr.  Ipig,  the  iris,  ropr/,  a  cutting,  and  eynkelv,  to  enclose. 

Iridotomia.  I  r,  ,-.      .  .  ^        ,  ... 

,-  Gr.  t/wf,  the  iris,  and  ro/iw?,  a  cutting. 
Iridotomy.   ) 

Iridotromos.    )  r,  ,,      .  .  -.       ,  ,         ,  ,. 

T  .  ,    ,  -  Gr.   v3'f-  the  iris,  and  rpouog,  a  trembling. 

Indotromus.    ) 

Iridovalosis.     Gr.  ipig,  the  iris,  and  Lat.  ovum,  an  egg. 

Iris.     Gr.  Ipig,  a  rainbow. 

Iriditis.  \ 

Irisitis.    [-  Gr.  Ipig,  the  rainbow. 

Iritis.      .' 

Iritomy.     Gr.  Ipig,  the  iris,  and  roprj,  a  cutting. 

K. 

Kaleidoscope.     Gr.  na?i6g,  beautiful,  eldog,  like,  and  ononeiv,  to  view. 

Keratalgia.     Gr.  nepag,  a  horn,  and  alyog,  pain. 

Keratectasia.     Gr.  nepag,  a  horn,  and  enraaig,  a  displacement,  stretching. 

Keratectomy.  /  r<  i  i  •  ++•  + 

•     -  Gr.  nepag,  a  horn,  and  enropi],  a  cutting  out. 

Kerectomy.      ) 

Keratitis.  \ 

Keratodeitis.  [- Gr.  nepag,  a  horn,  and  itis,  denoting  inflammation. 

Keratodermatitis.  ) 

Keratocele.  \ 

Keratodeocele.  -  Gr.  nipag,  a  horn,  and  *>/'/'/,  a  tumor. 

Keratodennatocele.  ) 

Keratochromatosis.     Gr.  nipag,  a  horn,  and  xp&pa,  color. 

Keratoconjunctivitis.  Gr.  nepag,  a  horn,  Lat.  conjunctiva,  the  conjunctiva, 
and  itis,  denoting  inflammation. 

Keratoconus.     Gr.  nipag,  a  horn,  nuvog,  a  cone. 

Keratoderinatonialacia.  Gr.  nipag,  aliorn,  6ipp.a,  the  skin,  and  pa/ania,  soften- 
ing. 

Keratoglobus.     (ir.   nepag,  a  horn,  and  Lat.  globus,  a  globe. 

Kerato-iritis.     Gr.  nipag,  a  horn,  Ipig,  the  iris,  and  itis,  denoting  inflammation. 
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Keratoleucoma.    Gr.  nkpag,  a  horn,  and  AevKu/ia,  anything  whitened. 

Keratonialacia.     Gr.  titpag,  a  horn,  and  nalania,  a  softening. 

Keratoineninx.     (Ir  />.'/»><',  ;i  horn,  and  "//";-:,  a  membrane. 

Keratometer.     Gr.  icepag,  a  horn,  and  /lirpov,  a  measure. 

Keratomycosis.     <ir.  K^paf,  a  horn,  and  ">/.y,  ;|  fungus. 

\ci.i  onyxis.         /  (j].    h!/illi^  ;i  norn  a,„i  l/s„    a  pricking. 

Keratodeonyxis.  ' 

Keratoplasty,     (ir.  />•/"";,  a  horn,  and  wlaaaeiv  (f rom  7r/id<7<r<j)  to  mould. 

Keratorrhexis.     (ir.  K^pac,  a  horn,  and />^f,   a  rent. 

Keratoseleritis.     Gr.   a'/»"/,   a,  horn,  oKXrjpog,  hard,  and  ///.v,  denoting  inflain- 

niat  ion. 

Keratoscope.  I  *,  .  .  .      .  „, 

1        .-  Cxr.  nepag   a  horn,  and  (T/co7rav,    to  view. 
Keratoscopy.  ) 

Keratotome.  1 

Keratotomy.  ^  Gl.  rf       ahorn,  and  r^mv,  to  cut. 

Kcratome. 

Keratomus.    J 

Kerectasia.     Gr.  >>>/»»;,  a  horn,  and  ticTaoig,  a  stretching. 

Kopiopia.     See  Copopsia. 

Koraseopy.    Gr.  «<5pj?,  tlie  pupil,  and  okottsIv,  to  view. 

Kyklitis.     See  Cyclitis. 


Lachrima.[Lat   tocr£OTO|  a  tear< 
Lacryma.   » 

Lacrimation.     Lat.  lacrimatio,  from  lacrimare,  to  shed  tears. 

Lacrymal.     Lat.  htfrimaiis,  from  laerima,  a  tear. 

Laerymotome.     Lat.  laerima,  a  tear,  and  row?,  an  incision. 

Lacus  lacrimalis.  Lat.  lacus,  a  lake.  Gr.  ^a/cof,  a  lake,  and  Lat.  lacrimalis, 
lacrymal. 

Lagophthalmia.   , 

Lagophthalmos.  -  Gr.   %ay&g,  a  hare,  and  btpdakfi6g,  the  eye. 

Lagophthalmus.  ) 

Lamella.     Lat.  lamella,  dimin.  of  lamina.     See  Lamina. 

Lamina.     Lat.  lamina,  a  thin  plate. 

Lens.     Lat.  lens,  lentil. 

Lenticonus.     Lat.  lens,  a  lentil,  and  conus,  a  cone. 

Leptothrix  lachrymalis.  Gr.  "kenrdg,  slender,  0p<f,  a  hair,  and  Lat.  lacrima- 
lis, from  laerima,  a  tear. 

Leucoma.     Gr.  >/>><<</</.  anything  whitened. 

Ligamentum  annulare.  Lat.  ligamentum,  a  ligament,  and  annularis,  from 
a ii  ii al its,  a  ring. 

Ligamentum  pectinatum.  Lat.  ligami  ntum,  a  ligament,  and  pectinatum, 
from  pecten,  a  comb. 

Limbus.     Lat.  limbus,  a  margin. 

Lippitudo.  lLat    ];pv;tu<io,  from  Z&ptM,  blear-eyed. 

Lippus.         ) 

Liquor  Morgagni.    Lat.  liquor,  from  liquere,  to  be  liquid,  and  Morgagni. 

Lucifugus.     Lat.  la.v,  light,  and  fugere,  to  shun. 

Lusciosity.    Lat.  lusciositas,  from  lusciosus,  purblind. 

Luxation.     Lat.  luxatio,  a  dislocation. 
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Macrophthalmus.     Gr.  fiaupdg,  large,  and  b<pdalp6g,  the  eye. 

Macropia.     )  r,  ,    ,  -,  »  , 

.       -  Gr.  paapog,  large,  and  ofig    vision. 
Macropsia.  ) 

Macroscopic.     Gr.  panpog,  large,  and  okoiteIv,  to  view. 

Macula  lutea.     Lat.  macula,  a  spot,  and  luteus,  yellow. 

Madarosis.     Gr.  paddpuotg,  a  making  bald. 

Megalocornea.     Gr.  peyag,  large,  and  Lat.  cornu,  a  horn. 

Megalophthalmus.     Gr.  y"f}«e,  large,  and  b<f>6aXp6g,  the  eye. 

Megalopia.    )  r,        ,        ,  ,  . , 

,,       ,       .      ■  Gr.  ptyag,  large,  and  oiptg   vision. 

Megalopsia.  )  &  ' 

Meniscus.     Gr.  pqviaKog,  dimin.  of  pyvq,  a  crescent. 

Metaniorphopsia.     Gr.  perpopQuoig,  a  transformation,  and  bi}xg,  vision. 

Metre-angle.     Gr.    pirpov,   a  measure,  and   Lat.    angulus,   angle,    from   Gr. 

aynvlog,  bent. 

Metre-lens.     Gr.  ptrpov,  a  measure,  and  Lat.  lens,  a  lentil. 

Microphthalmia.  )  r,  ,,    „    -,    .,/,  i    ,     .-. 

^  C  Gr.  /Mitpog  small,  and   o<pi)aApog,  the  eye. 

Microphthalmus.  ) 

n.r  .'     r  Gr.  pmpog,  small,  and  bipig,  vision. 

Micropsia.   ) 

Milium.     Lat.  milium,  a  millet-seed. 

Molluscum  contagiosum.     Lat.  molluscum,  a  knotty  growth,  and  contagiosity, 

contagious. 
Monochromatic.  ) 

Monochromous.  >  Gr.  fi6vog,  alone,  and  xpupa,  color. 
Monochroous.       / 
Monocular.     \ 

Monoculous.  [-  Gr.  ji6vog,  single,  and  Lat.  oculus,  an  eye. 
Monoculus.     ) 

Monodiplopia.     Gr.  povog,  single,  6nr\6og,  double,  and  bipig,  vision. 
Monophthalmia.   )  Gr    ^^  s[ng^  and  b(pdalfl6^  the  eye 
Monophthalmus.  ) 
Moon-blindness.     See  Hemeralopia. 

Muse*  volitantes.     Lat.  musca,  a  fly,  and  volitare,  to  fly  about. 
Mydriasis.  |  Gr.    pvdpiaoig,   from  pi'dog,   moisture  ;    because  increase  of  fluids 
Mydriatic.  )         causes  pupil  to  dilate  (?). 
Myiocephalon.     Gr.  pvla,  a  fly,  and  tGtyafy,  the  head. 
Myiodeopsia. 
Myiodesopsia. 

Myodesopia.       !  ^   //r,(-fi,/r  like  flieS;  .Uld  ^  vision. 
Myodesopsia. 
Myodopsia, 
Myopsia.  J 

Myopia.      \ 

Myopiosis.  -  Gr.  fiiuyip,  from  pi-nv,  to  close,  and  <'■> ■■:'.  the  eye. 
Myopy.        ) 

Myopodiorthoter.      j  G).     .    .    short.sighted,  and  bP66n?g.  straightness. 
Myopodiorthoticon.  ) 
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Myoporthon.         \ 

Myoporthos  is.       [Gr.  [ibuip,  short-sighted,  and  bp66g,  straight. 

Myopodiorthosis.  ' 

M>,,sis-  [Gr.  uruv,  to  close. 
Myotic.  * 

N. 

Nebula.    Lat.  nebula,  a  cloud. 

Neonatorum.    <ir.  i''"',  new,  ami  Lat.  natus,  born. 

Neuritis  optica.     Gr.  vt-vpov,  a  nerve,    //7x,  denoting  inflammation,  and  owriKdg, 

optic. 
Neuroparalytic.     Gr.   vetywv,  a  nerve,  and  n-ajodAvrwdf,  loosened. 
Neuro- retinitis.     <fr.  vevpov,  nerve,  Lat.  retina,  the  retina,  and  itis,  denoting 

inflammation. 

Nictation.      }  Lat   nictatio  frolll  nictare,  to  wink. 

Nictitation.    > 

Night  blindness.     See  Nyctalopia. 

Niphablepsia.     Gr.   vifag,  snow,  and  ui}:ci(,,  blindness. 

Nyctalopia.     Gr.  '/c,  night,  and  bipeg,  vision. 

Nyctamblyopia.  Gr.  vi)%,  night,  and  a/i^vuiria,  dim-sightedness. 

Nyctotyphlosis.     Gr.   vv§,  night,  and  rixpTuoatg,  a  making  blind. 

Nystagmus.     Gr.  vwjrayp.6gt  a  nodding. 

0. 

Objective.     Lat.  objectus,  from  objicere,  to  throw  before. 
Oblique.     Lat.  obliquus,  from  obliquare,  to  bend. 
Occlusion.     Lat.  occlusio,  from  occludere,  the  close. 
Ocular.     Lat.  ocularis,  from  oculus,  the  eye. 

Ocular- Untersuchung.     Lat.  ocularis,   ocular,  and   Ger.    Untersuchung,  ex- 
amination. 
Oculist.     Lat.  oculista,  from  oculus,  the  eye. 
Oculo-frontal.     Lat.  oculus,  the  eye,  and/row*,  the  forehead. 

Oculo  motor.       /  T    ,  ,        ,,  , 

_.      ,  \-  Lat.  oculus;  the  eve,  and  movere,  to  move. 

( >culomotorius.  ) 

Oculomuscularis.     Lat.  oculus,  the  eye,  and  musculus,  a  muscle. 

Oculo-nasal.     Lat.  oculus,  the  eye,  and  nasus,  the  nose. 

Oculopupillary.     Lat.  oculus,  the  eye,  and  pupilla,  the  pupil. 

Oculozygomatic.     Lat.  oculus,  the  eye,  and  Gr.  Ziryu/ia,  the  zygoma. 

Oculus.    Lat.  oculus,  the  eye. 

Onyx.     Gr.  ""-",   finger-nail. 

Opacity.     Lat.  opacitas,  from  opacus,  darkened. 

Ophthalmagra.     Gr.  bfydalpog,  the  eye,  and  aypa,  a  catching. 

Ophthalmalgia.     Gr.  btpdafySg,  the  eye,  and  fi^yo?,  pain. 

Ophthahnemicrania.     Gr.  b^ddX/iog,  the  eye,  /////,   7?r//f,  and  upaviov,  the  skull. 

Ophthalmempasma:     Or.  wpdahfiog,  the  eye,  and  k/uiraoaeiv,  to  sprinkle. 

Ophthalmencephalon.     Gr.  ooth'/iioc.  the  eye,  and  .';/.<»/>'»,  within  the  head. 

Ophthalmentozoon.     Gr.  b$8al[i6g,  the  eye,  hrog,  within,  and  £<mv,  an  animal. 

Ophthalmia.      Gr.   bydakpia,   from  b(j>dak/i6g ,  the  eye. 

Ophthalmiater.     Gr.  b^dakpog,  the  eye,  and  larpog,  a  surgeon. 

Ophthaliniatrics.     Gr.     btpddk(i6g   the  eye,    and   utrpiicfi,    surgery,    or  larpeia,   a 

means  of  healing. 
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Ophthalmic.     Gr.  btydakfwidg,  from  btydakpog,    the  eye. 

Ophthahnidium.     Dimin.    of  ophthalmos,   from   Gr.  b<pfiaAp6c,  the  eye.     See 

Microphthalmias. 
Ophthalmitis.     Gr.  bcpdaApog,  the  eye,  and  it  is,  denoting  inflammation. 
Ophthalmium.     Dimin.  of  ophthalmos,  from  Gr.  btydalpog,  the  eye. 
Ophthalmobiotic.     Gr.  b<j>6a2.p6g,  the  eye,  and  /3«wv,  to  live. 
Opthalmoblennorrhcea.      Gr.    boda/uug,  the  eye,  [tfiewa,  mucus,  and  peiv,   to 

flow. 
Ophthalmobrachytes.     Gr.  b(j>6a?,p6g,  the  eye,  and  fipaxvrrig,  shortness. 
Ophthalmocarcinoma.     Gr.  b<f>0aAp6g,  the  eye,  and  mpictvu/ia,  a  cancer, 
Ophthalmocele.     Gr.  b<p8alp.6g,  the  eye,  and  k^/Thj,  a  tumor. 
Ophthahnocentesis.     Gr.  b<p6a'Ap6g,  the  eye,  and  KEVT7]aig,  puncture. 
Ophthalmocholosis.     Gr.  b(j>da?,p6g,  the  eye,  and  x6%og,  bile. 
Ophthalmochroites.     Gr.  bqda'Apog,  the  eye,  and  XP01&IV,  to  color. 
Ophthalmoconjunctivitis.     See  Ophthalmia  and  Conjunctivitis. 
Ophthalmocopia.     Gr.  b<pdalp.6g,  the  eye,  and  n6nog,  fatigue. 
Ophthalmodesmitis.     Gr.  b(p6a?ipog,  the  eye ;  deofidg,  a  bond,  and  itis,  denoting 

inflammation. 
Ophthalmodesmon.    )  Gr    6(peakfl6^  the  ey6i  and  (kafJ<  a  bond 
Ophthalmodesmum.  ) 

Ophthalinodesmoxerosis.     Gr.  b<f>f)a'/.fi6r,  the  eye,  6eap6g,  a  bond,  and  i'/p6g,  dry. 
Ophthalmodynamometer.     Gr.  btyBalpog,   the  eye,    dvvapig,   force,   and    phpovt 

measure. 
Ophthalmodynia.     Gr.  b<ptta'//j6g,  the  eye,  and  bdvvfl,  pain. 
Ophthalmoedema.     Gr.  bytia'/uog,  the  eye,  and  oifypa,  oedema. 
Ophthalmography.     Gr.  b<p6aA.p,6g,  the  eye,  and  ypa<f>eiv,  to  write. 
Ophthalmohydrorrhoea.     See  Ophthalmydrorrhoea. 
Ophthalmolith.     Gr.  b<ftak[i6g,  the  eye,  and  Mdog,  a  stone. 
Ophthalmology.     Gr.  b<p6aAp6c,  the  eye,  and  A.6yog,  discourse. 
Ophthalmolyma.     Gr.  bMuuog,  the  eye,  and  >'«?;,  destruction. 
Ophthalmomacrosis.     Gr.  b(j>daXfi6c,  the  eye,  and  pdnpuoig,  an  enlarging. 
Ophthalmomalacia.     Gr.  b<p8al/j.6g,  the  eye,  and  palaKia,  softness. 
Ophthahnomelanoma.     Gr.  b<p6a7,p6c,  the  eye,  and  peAag,  black. 
Ophthalmomelanosis.     Gr.  b<p0alp6g,  the  eye,  and  ptA&vuoig,  from  (x&avccg,  a   be- 
coming black. 
Ophthalmometer.  )  ^    .^^  ^  anJ  ^        &  measure. 

Ophthalmometry.  ) 

Ophthalmomyitis.      j  Gr.  bQdat\p.6g,  the   eye,    //n ;-,  muscle,   and  tYis,  denoting 
Ophthalmomyositis.  J  inflammation. 

Ophthalruomyotony.     Gr.  b<j>6a?>p6g,  the  eye,  /"<;,  a  muscle,  and  ro^,  a  cutting. 
Ophthalmoncus.     Gr.  bipdaApog,  the  eye,  and  byicoc,  a  tumor. 
Ophthalmoneuromeninx.  i  Gr.  btidakpog,  the  eye,  vevpov,  a  nerve,   and  fiqviyt;,  a 
Ophthalmoneurymen.        j         membrane. 

Ophthalmonosology.     Gr.  btiOaA./uoc,  the  eye,  vbaog,  disease,  and  h6yog,  discourse. 
Ophthalmoparacentesis.    Gr.  b<pda/\p.6g,  the  eye,  and  7rapaic£vr>iois,  perforation. 
Ophthalmoparalysis.     Gr.  bfdatydg,  the  eye,  and  rrapdfaxrig,  a  loosening. 
Ophthalmoperiphritis.     Gr.   b<pdakp.6g,  the  eye,  KeptQipeia,  a  periphery,  and  itis, 

denoting  inflammation. 
Ophthalmophantoma.     Gr.  b<p8a\p.6g,  the  eye,  and  ^vraafia^  a  phantom. 
Ophthalmophlebitis.     Gr.  b$0a?.p.og,  the  eye,  <(>%£$,  a  vein,  and  itis,  denoting 

inflammation. 
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Ophthalmophlebotoruy.  Gr.  b<pdaXu6g,  I  he  eye,  '.<>,'  i-,  :i  vein,  and  -<<///.  a  cul  I  ing. 
Ophthalmophtharsis.     Gr.  b<f>8a?.[i6g,  the  eye,  and  fdapotg,  corruption. 
Ophthalmophthisis.    Gr.  b<p()aA/wg,  the  eye.  and  00«h?,  decay. 
Ophthalmophyma.     Gr.  btpdatydg,  the  eye,  and  Qvpa,  a  growth. 
Ophthalmoplegia.     Gr.    '<n,tu,/i ,,,<-,  the  eye,  and  ->/,;//.  a  stroke. 
Ophthalmoponia.     Gr.  b^akp.^  the  eye,  and  wfoog,  labor. 
( Iphthalmoprosopsis.     Gr.  b0t)a?p6g,  t  lie  eve,  and  -/xirroi/'/r,  appearance. 
Ophthalinoprostatoiiieter.     Gr.  b(pflaAp6g,  the  eye,  npo/aTdvai,  to  stand  before, 

and  ,"•'  rpov,  a  measure. 
Opbthalmoptoma.     Gr.    6<j>6a2,/i6g,  the  eye,  and  irra/ia,  a  fall. 
Ophthahnoptosis.      Gr.    0<p6aKp6g,  the  eye,  and  irrumg,  a  falling. 
Ophthalmopyorrhoaa.    Gr.    b<j>6aAp6g,  the  eye,  irvov,  pus,  and  /»t.  to  How. 
Ophthalmopyra.     Gr.   wfidaApdg,  the  eye,  and  nvp,  fever  heat. 
Ophthalmorrhagia.    Gr.   b$dakp.6g,  the  eye.  and  piryvvvcu,  to  burst. 
( )pht  hahnorrliexis.     Gr.    b<pttaA/i6g,  the  eye,    and  Mfrg,  a  bursting. 
Ophthalmorrhoea.     Gr.    fydatydg,  the  eye,  and  boia,  a  flowing. 

Ophthahuos.  )Gt    bfidWc,  the  eye. 
Ophthalmus.  s 

Ophthalmoscope.     Gr.  b<pdaAp;6g,  the  eye,  and   ononelv,  to  examine. 

Ophthalmoscopometer.  Gr.  b<pdaAp6g,  the  eye,  otcotoZv,  to  view,  and  pirpov, 
a  measure. 

Ophthalmoscopy.     Gr.   b<j>fia?./i6g,  the  eye,  and  OKoneiv,  to  examine. 

Ophthalmospasmus.     Gr.  b&daApoc,  the  eye,  and  a-aap6g,  a  spasm. 

Ophthalmospintherism.     Gr.   b<j>6a?>p6g,  the  eye,  and  emvdqp,  a  spark. 

Ophthalmostat.     Gr.    bodaApog,  the  eye,  and  <7-«-of,  from  toravat,  to  place. 

Ophthalmostatometer.  J  Gr.   b<p0a'Apor,    the  eye,  errarof,    placed,  and  pirpov,  a 

Ophthalmostatometry.  )         measure. 

Ophthalmosteresis.     Gr.  b^6a2,p6g,  the  eye,  and  GTkprimg,  deprivation. 

Ophthalmosynchysis.     Gr.  btydaXpoc,  the  eye,  and  ovyxvoig,  a  mixing  together. 

Ophthalmotherapeutics.     Gr.   b<j>6a?M6c,  the  eye,  and  Bepaweia,  a  waiting  on. 

Ophthalmotomy.     Gr.  b<bBaAp6g,  the  eye,  and  to///),  a  cutting. 

Ophthalmotonometer.  Gr.  btjSaA/idg,  the  eye.  r6vog,  tension,  and  perpov,  mea- 
sure. 

Ophthalmotrope.     Gr.  bq8alp6g,  the  eye,  and  ~i>"~'/,  a  turning. 

Ophthalmotropometer.  Gr.  oofta/u<,r,  the  eye,  rponq,  a  turning,  and  pirpov,  a 
measure. 

Ophthalmotropometry.  Gr.  IxpBaXpdg,  the  eye,  rpojr#,  a  turning,  and  pirpeiv,  to 
measure. 

Ophthahnotyphus.     Gr.  b<pdalp6g,  the  eye,  and  rvfyog,  smoke. 

Ophthahuoxerosis.     Gr.  wjfialfidg,  the  eye,  and  dvpog,  dry. 

Ophthalmoxysis.     Gr.  votia'/noc,  the  eye.  and  gvmg,  a  scratching. 

Ophthalmoxystrum.     Gr.  wpdakpdg,  the  eye,  and  i-vorpa,  a  scraper. 

Ophthalmoxygomatogramma.  Gr.  b$(iXp6g,  the  eye,  i-vyopa,  a  crossbar,  and 
'.  a  line. 

Ophthalmozoon.     Gr.  b<p8al[i6g,  the  eye,  and  Cwm-,  an  animal. 

Ophthalmula.     Gr.  b<pdaApog,  the  eye,  and  (/>/,  matter. 

Ophthalmuria.     Gr.  btydaApog,  the  eye,  and  oiipov,  urine. 

Ophthalmyalos.  3  Gr    -0^>uof   the  and  -fi;0^  glagg 

Ophthalmyalus.  1 

Ophthalmydrorrhoea.     Gr.    b<p0a?.p6g,    the  eye,  w'u/),  water,  and  petv,  to  flow. 

Ophthahnymenitis.     Gr.  boda/pog,  the  eye,  and  S>/u#v,  a  membrane. 
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Opsioineter.     Gr.  bipig,  vision,  and  /xerpov,  a  measure. 

Opsionusi.     Gr.  dipig,  vision,  and  vnvaog,  disease. 

Opsis.     Gr.  6 1/'»;,  vision. 

Optactin.     Gr.  birrog,  visible,  and  a/crt'f,  a  ray. 

Optician.     Gr.  b-Tmoq,  from  bpdv,  to  see. 

Opticociliary.     Lat.  opticus,  optic,  and  ciliaris,  ciliary. 

Opticocinerea.     Gr.  oK-mug,  optic,  and  Lat.  cinereus,  similar  to  ashes. 

Optics      Gr.  ownicd,  from  on-nndg,  from  bpdv,  to  see. 

Optilos.     Gr.  birrilog,  the  eye. 

Optigram.     Gr.  brrrinog,  visible,  and  ypdpfia,  a  letter. 

Optograph.     Gr.  bnTiKog,  visible,  and  ypaipeiv,  to  write. 

Optomeninx.     Gr.  cm-rof,  visible,  and  pfjviy^,  a  membrane. 

Optometer,  i     „  ....  ..     „ 

„    ,  -    Gr.  ortrog,  visible,  and  uerpov,  a  measure. 

Optometry.  ) 

Optoscope.     Gr.  birrdg,  visible,  and  oko-keIv,  to  examine. 

Optotype.     Lat.  opto,  from  Gr.  dijm/iat,  to  look  out,  and  typus,  type. 

Ora  serrata.     Lat.  ora,  a  boundary,  and  serratus,  serrated. 

Orbicular.     Lat.  orbicularis,  from  orbis,  a  circle. 

Orbit.     Lat.  orbita,  from  orbis,  a  circle. 

Orbitocele.     Lat.  orbita,  the  orbit,  and  Gr.  «?//>/,  a  tumor. 

Orientation.     Lat.  orientatio,  from  oriens,  the  east. 

Oxydercis.     Gr.  bSjvdepKqg,  sharp-sighted. 

Oxydercia.     Gr.  b^vdepnia,  sharp-sighted ness. 

Oxyopia.     Gr.  bS-vg,  sharp,  and  bipig,  vision. 


P. 


Pachyblepharon. 

Pachyblepharosis.  |-    Gr.  iraxyg,  thick,  and  pjtyapov,  the  eyelid. 


Pachyblepharum.  5 

Palpebral.     Lat.  palpebralis,  from  palpebra,  the  eyelid. 

Palpebratio.    See  Nictitation. 

Palpebritis.     See  Blepharitis. 

Pannus.     Lat.  pannus,  a  cloth. 

Panophthalmitis.  Gr.  i?ag,  all,  btydalpog,  the  eye,  and  itis,  denoting  inflam- 
mation. 

Papilla.     Lat.  papilla,  a  nipple. 

Papillitis.     Lat.  papilla,    a  nipple,  and  itis,  denoting  inflammation. 

Papilloretinitis.  Lat.  papilla,  a  nipple,  retina,  the  retina,  and  itis,  denot- 
ing inflammation. 

Paracentesis.     Gr.  TrapaKevrr/aig,  perforation. 

Parachroina.     Gr.  irapd,  beside,  and   xptifia,  color. 

Parachromatoblepsia.     Gr.  napd,  beside,  xp^Fa<  color,  and  SMipig,  si^lit. 

Paralampsis.     Gr.   napalafi-^ig,  from  irapa,  beside,  and  ><"/-<,>.  to  shine. 

Parallaxis.     Gr.  irapdTJuat-ig,  alternation. 

■Panophthalmia.     Gr.   ra/ud,  beside,  and  btbftakudg,  the  eye. 

Parophthalmoncus.        Gr.   7rapd,  beside,  oothi'/tmc,  the  eve,  and  bynog,  a   tuinor. 

Paropia.    )    Gr.  napuiria,  from  rapd,  beside,  and  &ip,  the  eye   (corner  of  the  eye 

Paropsis.  )         next  to  the  temple). 

Paropion.    ) 

-r,  r  dr.    ~<iih,,~i<>)\  a  blinker,  blinder. 

J  aropium.  ) 


Gr.  (panos,  a  lentil. 
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Paropsis.     Or.  Kapa,  beside,  and  tytg,  vision. 

Parorasis.     Gr.  Kap6paoig,  from  -«/<",  beside,  and  »/<"!',  to  see. 

Patellaris.     Lat.  patella,  a  dish. 

Perichoroid.     Gr.    ~'/".  around,  i»/""'\  the  choroid,  and  eldog,  resemblance. 

Pericorneal.     (Jr.    Trept,  around,  and  Lat.  COmealis,  corneal. 

Peridectomy.     Gr.  Kepi,  around,  and  enTOfiij,  a  cutting  out. 

Perimeter.   J  „  ,  ,  . 

,..     .  f  Gr.  Kept,  around,  and  uerpov,  a  measure. 

Perimetry.  ' 

Periopht  lialmitis.     Gr.  mpi,    around,   b<$akp.6g,    the   eye,   and    itis,    denoting 

inflammation. 

Perioptometry.     Gr.  "Kepi,  around,  birrdg,  visible,  and  pirpov,  a  measure. 

Periorbita.     Gr.  Kepi,  around,  and  Lat.  orbita,  the  orbit. 

Periscopic.     Gr.  Kepi,  around,  and  OKorrelv,  to  sec. 

Peritomy.     Gr.  Kepi,  around,  and  rifivEiv,  to  cut. 

Phaco. 

Phacea. 

Phacia. 

Phacus . 

Phacentocele.     Gr.  <j>an6g,  a  lentil,  kvr6g,  within,  and  dfhi,  a  tumor. 

_,,    , '.  1S'   I    Gr.  oa/ctjf,  lentil,  and  itis,  denoting  inflammation. 
Phakitis.  \ 

Phacoeatapiesis.     Gr.  <pan6g,  a  lentil,  and  Karaniecsig,  a  pressing  down. 

Phacocatathesis.     Gr.  (pan6g,  a  lentil,  and  Karddccig,  a  laying  down. 

Phacocysta.     Gr.  (frauds,  a  lentil,  and  xi'OTig,  a  bladder. 

Phacocystectome.    Gr.  $aic6g,  a  lentil,  Kvang,  a  bladder,  and  tKro/j?/,  a  cutting  out. 

Phacocystitis.  Gr.  <pai<6g,  a  lentil,  Kvartg,  a  bladder,  and  itis,  denoting  in- 
flammation. 

Phaeoglaucoma.  Gr.  <j>andg,  a  lentil,  and  yAa'rK^jia,  opacity  of  the  crystalline 
lens. 

Phacohydropsis.    \ 

Phacydrops.  >  Gr.  (paxdg,  a  lentil,  and  MpwVi  watery  humor. 

Phacydropsia.        ) 

Phacohymenitis.  j  Gr.  <j>aKog,  a  lentil,  v/tyv,  a  membrane,  and    itis,  denoting 

Phacymenitis.       f         inflammation. 

Phacoidoscope.     Gr.  (fxindg,  a  lentil,  eldog,  resemblance,  and  oKoireiv,  to  examine. 

Phacomalaeia.     Gr.  <pai<6g,  a  lentil,  and  //«/««/«,  softness. 

Phacometachoresis.  Gr.  <pan6g,  a  lentil,  and  fieraxuprimg,  agoing  from  one  place 
to  another. 

Phacometoecesis.     Gr.  <pa.Kdg,  a  lentil,  and  /lETolxr/mr,  change  of  abode. 

Phacometer.     Gr.  oanog,  a  lentil,  and  perpov,  a  measure. 

Phaconin.     Fr.  phaeonine  (the  globulin  of  the  crystalline  lens). 

Phacopalingenesis.     Gr.  ounog,  a  lentil,  tvA'/.iv,  again,  and  yiveaig,  creation. 

Phacoplanesis.     Gr.  oaxdg,  a  lentil,  and  -Adrijoig,  a  making  to  wander. 

Phacoplasma.     Gr.  cfrandg,  a  lentil,  and  -Aaooriv,  to  form. 

Phacopyosis.     Gr.  ociKog,  a  lentil,  and  nvuoig,  suppuration. 

Phacoscleroma.     Gr.  tyanog,  a  lentil  and  onh//juyia,  induration. 

Phacosclerosis.     Gr.  $uk6q,  a  lentil,  and  akhjpoaig,   induration. 

Phacoseope      Gr.  tjMiKdg,  a  lentil,  and  oicoKelv,  to  examine. 

Phacoscotasmus.     Gr.  oanog,  a  lentil,  and  oKoraa/iuc.  a  making  dark. 

Phacoscotoma.     Gr.  <pan6g,  a  lentil,  and  gkotoc,  darkness. 

Phacosis.     Gr.  qdnwoig,  from  <pand:,  a  lentil. 
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-Gr.  (pavraopa,  a  phantom,  and  mcowelv,  to  examine. 


Phantasmascopia. 

Phantasinatoscopia. 

Phantasmoscope. 

Phantasmoscopy. 

Phlyctenule.     Gr.  favia-aiva,,  a  blister. 

Phosphene.     Gr.  (pug,  light,  and  (paivsiv,  to  appear. 

Photalgia.     Gr.  (pug,  light,  and  alyog,  pain. 

Photics.     Gr.  (pug,  light.     See  Optics. 

Photocampsis.     Gr.  (pug,  light,  and  K&pipig,  a  bending. 

Phodysphoria.     Gr.  (pug,  light,  and  6va<popia,  excessive  pain. 

Photology.     Gr.  fug,  light,  and  Adyog,  discourse.     See  Optics. 

Photometer.     Gr.  (pug,  light,  and  perpov,  a  measure. 

Photonosus.     Gr.  (pug,  light,  and  vdaog,  disease. 

Photoparaesthesia.     Gr.  (pug,  light,  -irapa,  beside,  and  aladrjaig,  sensation. 

Photophobia.     Gr.  (pug,  light,  and  (pbjiog,  fear. 

Photophobophthalmia.     Gr.  (pug,  light,  (p6/3og,  fear,  and  byOahpog,  the  eye. 

Photopsia.     Gr.  (pug,  light,  and  dipig,  vision. 

Photoptometry.     Gr.  (pug,  light,  birrog,  visible,  and  perpov,  a  measure. 

Photorrhexis.     Gr.  (pug,  light,  and  Mi'C,  a  breaking. 

Phthisis    bulbi.      Gr.    (pdicig,   a  wasting,    and  Lat.   bulbus,  a  bulb,    or  Gr.. 

f3o?.{36g,  bulb. 

Pinguicula.     Lat.  pinguis,  fat. 

"Pink-eye."     Eng.  pink-eye. 

Plane.     Lat.  planus,  level,  flat. 

Plano-concave.     Lat.  planus,  flat,  and  concavus,  concave. 

Plano-convex.     Lat.  planus,  flat,  and  convexus,  convex. 

Platycoria.       }    ^,        -     ■     %        j         ,     ,       ,,  ., 

„,    ,J        .     .     f    Gr.  TT/.arvg   broad,  and  nopy   the  pupil. 
Platycoriasis.  > 

Platyophthalnius.     Gr.  n7uiTvo(pdaAp6g,  having  wide  eyes. 

Pleochroism.     Gr.  irAeluv,  more,  and  XP01^,  color. 

Plica  semilunaris.     Lat.  plicate,  to  fold,  semi,  half,  and  lunaris,  lunar. 

Pole.     Gr.  nd'Aog,  a  pole,  an  axis. 

Polycoria.     Gr.  KoAvg,  many,  and  xoprj,  the  pupil. 

Polydacrya.     Gr.  noAvg,  many,  and  danpvov,  a  tear. 

Polyophthalmia.     Gr.  iroAvg,  many,  and  b<pdalp6g,  the  eye. 

Polyopia.    )    „         - .  ,  „  , 

t.  ,  .      >    Gr.  TroAvg,  many,  and  ofig,  vision. 

Polyopsia.  ) 

Porus  opticus.     Gr.  irSpog,  a  passageway,  and  6-riKog,  optic. 

Potatorum.     Lat.  potator,  a  drinker. 

Presbyopia.     Gr.  irpeofivg,  an  old  man,  and  6ipig,  vision. 

Prism.     Gr.  Trpiapa,  from  rrpi^etv,  to  saw. 

Prisoptometer.     Gr.  ~pio//a,  a  prism,  birrdg,  visible,  and  perpov,  a  measure. 

Projection.     Lat.  projicere,  to  throw  before. 

Prophthalmus.     Gr.  -pog,  before,  and  bpfiaApog,  the  eye. 

Proptosis  oculi.     Gr.  npdivTuoig,  prolapse,  and  Lat.  oculus,  the  eye. 

Prosthesis  oculi.     Gr.  KpocQetng,  an  adding,  and  Lat.  oculus,  the  eye. 

Pseudoblepsia.     Gr.  ipevdfc  false,  and  (17efig,  sight. 

Pseudocataracta.     Gr.  ijjevdfc,  false,  and  w(Topp(i»(7;/f,  cataract. 

Pseudochromia.     Gr.  ipevdtig,  false,  and  xpupa,  color. 

Pseudocilia.     Gr.  V'f'V,  false,  and  ciliinn.  an  eyelash. 

Pseudocoloboma.     Gr.  i/,fr<%,  false,  and,  KoM/Su/ia,  a  mutilation. 


glossary.  i;n:>. 

Pseudopia,    i  .,       ,     ,        ...  .  .  , 

,,         .  '-dr.   ivn'v,  false,  and  oiiig,  vision. 

Pseudopsia.  \ 

Pseudorasis.     tir.  ijjevdfc  false,  and  6pav,  to  see. 

Pseudoseope.     <ir.  tyevdqg,  false,  and  GKoireiv,  to  examine. 

Pterygium.     <ir.  KTep'vywv,  diinin.  from  rrripv^,  ;i   wing. 

Ptosis.     Gr.  -ri.xiic,  ;\,  falling. 

Punctum.     Lat.  punctum,  a  point. 

Pupil.     Lat.  pupilla,  dimin.  from  pupa,  a  girl. 

Pupillometer.      Lat.  />a/>i//a,  the  pupil,  and  Gr.  fikrpov,  a  measure. 

Pupilloscopy.    Lat.  pupilla,  the  pupil,  and  w,T,/r,  to  examine. 

R. 

Ray.     Lat.  radius,  a  ray,  a  beam. 

Reclination.     Lat.  rcc/inatio,   from  red i nave,  to  lean  back. 

Rectus.     Lat.  rectus,  from  regere,  to  lead  straight. 

Red-blindness.    See  Anerythropsia. 

Reflection.     Lat.  reflexio,  from  njlectere,  to  bend  back 

Refraction.    Lat.  refvangi  re,  to  break  up. 

Retina.     Lat.  retina,  from  re£e,  a  net. 

Retinitis.     Lat.  /Wc,  a  net,  and  /A/.v,  denoting  inflammation. 

Retinoscopy.     Lat.  rete,  a  net,  and  Gr.  gko-keiv,  to  examine. 

Retinula.     Lat.  retinula,  dimin.  from  retina,  the  retina. 

Retractor.     Lat.  retrahere,  to  draw  back. 

Retrobulbar.     Lat.  retro,  behind,  and  bulbus,  a  bulb. 

Rhodopsin.     Grr.  p6<hp,  a  rose,  and  &ip,  the  eye. 

Rhytidosis.     Gr.  pvrlSuaig,  a  wrinkling. 

Rotation.     Lat.  rotatio,  from  rota  re,  to  revolve 

S. 

Scintillans.     Lat.  scintilla,  a  spark. 

Scirrophthahnia.     Gr.  anipfrog,  hard,  and  oofia/.pia,  ophthalmia. 

Sclerectasia.     Gr.  onTiypog,  hard,  and  inraotg,  a  stretching  out. 

Scleritis.     Gr.  on>//p6g,  hard,  and  it  is,  denoting  inflammation. 

Sclerocataracta.     Gr.  oK/i/por,  hard,  and   KarappaKTrjg,  a  cataract. 

Sclerochoroiditis.         I  Gr.    on/j/pog,    hard,    xoPlo£l^>/c,    like    the  choroid,    and; 

Scleroticochoroiditis.  S  ids,  denoting  inflammation. 

Scleronyxis.         \ 

Scleroticonyxis.  [- Gr.  tJKfajpfrrqg,  hardness,  and  vi|(f,  a  pricking. 

Sclerotonyxis.     ) 

Bcleropthalmia.     Gr.  tncfafpdg,  hard,  and  6oHa/ uia,  opthalmia. 

Scleropthahnus.     Gr.  oitfaipdg,  hard,  and  IxpBaXpdg,  the  eye. 

Sclerotic.     Gr.  oiikTjpdg,  hard. 

Bcleroticotomy.     Gr.  oKfajp6Tyg,  hardness,  and  roui],  an  incision. 

be  eiotitis.      I  Qr  an'/ ijpnnjc,  liardness,  and  itis,  denoting  inflammation. 
Scleroticitis.  ) 

Sclerotome.     Gr.  cufa/pog,  hard,  and  "«,«'/,  an  incision. 
Sclerotomy.     Gr.  OKfaip6g,  hard,  and  rifiveiv,  to  cut. 

pclerymenitis.     Gr.   GicXqp6g,  hard,  vp.ip>,  a    membrane,  and  itis,  denoting  in-, 
flammation.     See  Sclerotitis. 
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[  Gr.  ff/co-df,  darkness. 


Scotasmus.     Gr.  cuoraapog,  darkness. 

Scotodia.     Gr.  oKOTiodia,  becoming  dark. 

Scotoma. 

Scotasma. 

Scotometer.     Gr.  onorog,  darkness,  and  fdrpov,  a  measure. 

Scotopsia.     Gr.  cuordg,  darkness,  and  6if)ig,  vision. 

Scotos.     Gr.  cKorog,  darkness. 

Scotosis.     Gr.  cuoTucig,  darkness. 

Seclusio  pupilhe.     Lat.  seclusio,  seclusion,  and  pupilla,  the  pupil. 

Sight.     A.-S.  siht,  gesiht,  Gr.  uip,  Lat.  visus. 

Skiascopy.     Gr.  oTcZa,  a  shadow,  and  gko-keIv,  to  examine. 

Snow-blindness.     See  Niphablepsia. 

Spectacles.     Lat.  spectaculum,  from  spectare,  to  behold. 

Spectro-colorimeter.     Lat.  spectrum,  a  spectre,  color,  color,  and  Gr.  perpov,  a 

measure. 
Spectrology.     Lat.  spectrum,  an  image,  and  Gr.  Myog,  a  discourse. 
Spectrometer.     Lat.  spectrum,  an  image,  and  Gr.  perpov,  a  measure. 
Spectrophotometer.     Lat.   spectrum,   a  spectre,    Gr.  (pug,   light,   and  pirpov, 

a  measure. 
Spectroscope.     Lat.  spectrum,  a  spectre,  and  Gr.   oaoirtiv,  to  examine. 
Speculum.     Lat.  speculum,  from  specere,  to  look  at. 
Spherical.     Gr.  cya.ipiK.6g,  from  o<j>aipa,  a  sphere. 

Spherico-cylindric.     Gr.  atyaipinog,  spherical,  and  KvlivSpiKog,  cylindric. 
Spherochlorine.     Gr.  ocpaipa,  a  sphere,  and  x^pog,  green. 
Spherometer.     Gr.  c<palpa,  a  sphere,  and  perpov,  a  measure. 
Spherorrhodine.     Gr.  ofalpa.  a  sphere,  and  p66oi>,  a  rose. 
Spheroxanthine.     Gr.  otpalpa,  a  sphere,  and  %avd6g,  yellow. 
Sphincter.     Gr.  o<j>r/KT?/p,  that  which  binds. 
Sphincterolysis.     Gr.  c^iyK.Ti]p,  a  binder,  and  2,i<oig,  a  loosening. 
Spintherismus.     Gr.  amvBr/pi^eiv,  to  make  sparks. 
Spintheroma.     Gr.  o-xivflijp,  a  spark. 
Spintheropia.     Gr.  cwivdijp,  a  spark,  and  diptg,  vision. 
Squint.     See  Strabismus. 
Staar.     Ger.  staar,  a  starling,  cataract. 

Staphyloma.     Gr.  o-cKp'vAupa,  fi-om  cra^vli],  a  bunch  of  grapes. 
Static.     Gr.  arartKog,  causing  to  stand  still. 
Statometer.     Gr.  er-a-df,  place,  and  phpov,  a  measure. 
Stauungspapille.     Ger.  stauen,  to  dam,  and  Lat.  pupilla,  the  pupil. 
Stenocoriasis.     Gr.  anrog,  narrow,  and  Kopij,  the  pupil. 
Stenopeic.     Gr.  arevog,  narrow,  and  dnalog,  from  b-i/,  a  hole. 
Stereomonoscope.     Gr.  arepeug,  solid,  pdvog,  alone,  and  gkotteIv,  to  examine. 
Stereophantoscope.     Gr.  trrepedg,  solid,  tyavrdg,  visible,  and  ckokeIv,  to  examine. 
Stereophoroscope.     Gr.  crepsdg,  solid.  tj>op6g,  carrying,  and  oiwTrelv,  to  examine. 
Stereoscope,  Stereoscopic.     Gr.  arepedg,  solid,  and  cuoireiv,  to  examine. 
Stillicidium.     Lat.  stillicidium,  a  dripping. 

Strabismometer.  |  Gr   crpafiicpdg,  a  squinting,  and  ptrpw,  a   measure. 

Strabometer.         > 

Strabismus.     Gr.  orpafitapog,  squinting. 

Strabotomy.     Gr.  irrpa/W?,  slanting,  and  ropi},  an  incision. 

Streptothrix.     Gr.  oTpenrdg,  twisted,  and  flp/f,  the  hair. 

Stroboscope,     fir.  oTpnJog,  whirling,  and  ukotteiv,  to  examine. 
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Sty.    A.-S.  stigand,  an  elevation.    Sec  Hordeolum. 

Style.     Gr.  n-rr'/nr,  a  pillar. 

Subjective.     Lat.  subjectivus,  pertaining  to  the  subject. 

Sublatio.      Lat.  subluti<t,  a  removal. 

Subretinal.     bat.  sub,  under,  ami  retina,  the  retina. 

Supereilium.     Lat.  supercilium,  the  eyebrow 

Suprachoroid  al.  /Lat.  supra,  above ;   Gr.  tfptov,  the  chorion,  and  eldog,  reT 

Suprachoroidea.  i        semblance. 

Supraorbital.  )  L&t    s7,/y/7,    abov6]  and  or&#a,  the  orbit. 

Supraorbital-.  J 

Supratrochlea.     Lat.  siiju-a,  above,  and  trochlea,  a  pulley. 

Sursumduction.     Lat.  sursum,  upward,  and  duoere,  to  lead. 

Sursumvergens.     Lat.  sursum,  upward,  and  oergere,  to  lead. 

Symblepharon.    t  . ,  ..  .    ,.  ,,  ... 

...  . dr.  aw   together,  and  SMibapov,  the  evelid. 

Symblepharosis.  s  J 

Syncanthus.     Gr  avv,  together,  and  Kavdog,  the  corner  of  the  eye. 

Synehysis.     Gr.  a'vyxvctg,  a  mixing  together. 

Syndectomy.      <ir.  airvSea/iog,  a  bond,  and  kicrifivuv,  to  cut  out. 

Syndesmitis.     <ir.   avvdeofiog,  a  bond,  and  itis,  denoting  inflammation. 

Synechia.     Gr.  obvexeiv,  to  hold  together. 


Tapetum.     Lat.  tapete,  a  carpet. 

Tarsal.     Lat.  tarsalis,  from  Gr.  rapadg,  a  flat  surface. 

Tarsalgia.     Gr.  rapadg,  a  flat  surface,  and  d'/.}og,  pain. 

Tarsectomy.     Gr.  rapadg,  a  flat  surface,  and  ektott/it/^  excision. 

Tarsectopia.     Gr.  rapadg,  a  flat  surface,  and  sicroirog,  out  of  place. 

Tarsitis.     Gr.  rapadg,  aflat  surface,  and  itis,  denoting  inflammation. 

Tarso-cheiloplastic.      Gr.  rapadg,  a  flat  surface,  xf'l/nc,  a  lip,  and    nlaaouv,  to 

mould. 
Tarsomalacia.     Gr.  rapadg,  a  flat  surface,  and  fiaKaiua,  softness. 
Tarsophyma.     Gr.  rapadg,  a  flat  surface,  and  <j>vfia,  a  growth. 
Tarsorrhaphy.     Gr.  rapadg,  a  flat  surface,  and  pa&i/,  a  seam. 
Tarsotomy.     Gr.  rapadg,  a  flat  surface,  and  ropy,  an  incision. 
Tarsus.     Gr.  rapadg,  a  flat  surface. 

Tear.    A.-S.  taeher,  taer,  tear,  <<r.  Sanpv,  Sanpvov,  Lat.  lacrima. 
Teichopsia.     Gr.  reixog,  a  wall,  and  oipig,  vision. 
Teichascopia.     Gr.  reixog,  a  wall,  and  aiamelv,  to  examine. 
Tendo  oculi.     Lat.  tendo,  a  tendon,  and  oculus,  the  eye. 
Tenotomy.     Gr.  rnw,  a  tendon,  and  -"/"/.  an  incision. 
Tension.     Lat.  tensio,  from  tendere,  to  stretch. 
Thalamus  opticus.     Gr.  Oalafiog,  the  inner  room,  and  birrutdg,  optic. 
Thrombosis.     Gr.  Bpdfipoaig,  a  making  clotted. 
Tinea  tarsi.     Lat.   tinea,   a  gnawing  worm,   and   Gr.    rapadg,   a  flat  surface, 

the  tarsus. 
Tonometer.     Gr.  rdvog,  tension,  and  uerpov,  a  measure. 
Trachoma.    Gr.  rpd\<.>ua.  a  roughness. 
Trichiasis.     Gr.  rp/xiaaig,  showing  hairs. 
Triplopia.     (ir.  rprnMog,  triple,  and  dv/g,  vision. 
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Trochlearis.     Gr.  rpox&ea,  a  pulley. 

Tunica  vaginalis  bulbi.     Lat.    tunica,   a  tunic,  vaginalis,  from  vagina,   a 

covering,  and  bulbus,  a  bulb. 
Tutamina  oculi.     Lat.  tutamen,  a  protection,  and  oculus,  the  eye. 
Tylosis.     Gr.  r'vXog,  a  callus. 

U. 

Umbrascopy.     Lat.  umbra,  a  shadow,  and  Gr.  gkotteIv,  to  examine. 

Unguis.     Lat.  unguis,  a  finger-nail. 

Uvea.     Lat.  uva,  a  bunch  of  grapes. 

Uveitis.     Lat.  uva,  a  bunch  of  grapes,  and  itis,  denoting  inflammation. 


Vasa  vorticosa.     Lat.  vas,  a  vessel,  and  vorticosus,  full  of  eddies. 

Vision.     Lat.  visio,  from  videre,  to  see. 

Visir-line.     Lat.  visits,  from  videre,  to  see,  and  linea,  a  line. 

Visir-plane.     Lat.  visits,  from  videre,  to  see,  and  planus,  a  plane. 

Visuometer.     Lat.  visus,  vision,  and  Gr.  fiirpov,  a  measure. 

Visus.     Lat.  videre,  to  see. 

Vitiligoidea.  Lat.  vitiligo,  from  vitium,  a  blemish,  and  Gr.  eldoq,  resemblance. 

Vitreous.     Lat.  vitreus,  from  vitrum,  glass. 


Xanthelasma.     Gr.  tjavdog,  yellow,  and  klacfia,  a  lamina. 

Xanthocyanopia.  j_  Gj.  ^^  yeuow  kvclveoq,  blue,  and  61/"?,  vision. 

Xanthokyanopy.  ) 

Xanthoma.     Gr.  %clv06q,  yellow. 

Xanthophane.     Gr.  Sjavddg,  yellow,  and  <j>aivetv,  to  show. 

Xanthopsia.     Gr.  gavddg,  yellow,  and  oipig,  vision. 

Xeroma.     Gr.  Zvpog,  dry. 

Xerophthalmia.    1 

Xerophthalmus.  \  Gr"  "^  dr>''  and  °^a1^  the  e^e- 

Xerosis.     Gr.  Zvpog,  dry.     See  Xerophthalmia. 

Y.  • 

Yellow  spot.     See  Macula  lutea. 

Z. 

Zonula.     Lat.  zonula,  dimin.  from  zona,  a  belt,  Gr.  C,uvt),  a  belt. 
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Aberration  of  light.  4!)3 
Abscess,  lachrymal,  250 
treatment,  251 

of  the  lids,  244 

of  the  orbit,  426 
Accommodation,   112 

act  of  (Young),  55 

changes  in  the  lens  during,  65 
of  the  iris  in,  56 

errors  of,  120,  121 

method  of  adapting  glasses  for, 
543 

for  near  objects,  54 

function  of  (Helmholtz) ,  55,  56 

in  the  lensless  eye,  57 

mechanism  of,  55 

paralysis  of,  574 

power  of,  64 

spasm  of,  32,  468,  472 

theory  of,  60 
Accommodative  fatigue,  461 
Advancement  of  a  muscle,  207 

Agnew's  method,  207 

Prince's  method,  208 

Berry's  modification,  208 
.Agnew's  bident,  420,  421 

method  of  removing  foreign  bodies, 
288 

operation  for  removal  of  a  dislo- 
cated lens,  42n 
Albuminuric  retinitis,  330 
Alum,  180 
Amaurosis,  346 

ursemic,  331 
Amblyopia,  346 

ophthalmoscopic  appearances  sup- 
posed to  be  from  alcohol  and  to- 
bacco, 346 

toxic,   346 

ex  anopsia,  328,  549 

congenital,  551 

functional,  551 
Anaesthetic,  the,  225 
Anaesthetics  in  operations.  223 

Roller's  methods,  224 
Anatomy  and  appendages  of  the  eye,  3 
Ankyloblepharon,  286 
Aneurism  by  anastomosis,  428 

false,  428 

true.  428 
Angiomatous  growths,  240 


Anisometropia,  471.  552 
Anterior  chamber,  diseases  of,  299 
hemorrhage  into,  299 
synechia,  294 
Antiseptic   and    aseptic     precautions, 

ISO 

Antiseptics  in  operations  for  cataract, 

401 
Aqueous  humor,  40 

anterior  chamber,  40 
physiology  of,   12 
posterior  chamber,  40 
senile  changes  in,  42 
Aquocapsulitis,  310 
Arcus  senilis,  37 
Artery,  persistent  hyaloid,  339 
Artificial  eyes,  221 
Asthenopia,  178,  235,  323,  448,  518 
absence  of,  in  myopes,  454 
American,  456,  462 
in  diseased  eves,  469 
muscular,  450,  519,  532 
muscular  influence  upon  neuroses, 

519 
nasal.  459 
neurotic.  457,  463 
produced  by  astigmatism,  496 
Asthenopic  occupations,  441 

non-,  occupations,  442 
Astigmatism,  491,  151 
against  the  rule,  494 
compound  hyperopic,  492 
consequences  of  uncorrected,  517 
corneal,  64,  492,  493,  497 
increase  of,  515 
lessened  by  the  lens,  509 
table  of,  498 

test   by  ophthalmometer,    154. 
157 
correction  of ,  alone,  with  no  exist- 
ent hypermetropia,  526 
correction      of,      by      cylindrical 

glasses,  534 
diagnosis,  494,  512 
discovery  of,  63 
examination.  513 
historical   notes  on  the   discovery 
of,  and  the  correction  by  cylin- 
drical glasses.  534 
hypermetropic,  150,  491 
impairment  of  sight  from,  518 
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Astigmatism  in  glaucoma,  370 

irregular,  492,  493,  494 

mixed,  492 

myopic,  492 

ophthalmoscopic  appearances,  531 

regular,  492,  493 

the  degree  likely  to  produce  asthe- 
nopia, 496 

with  nystagmus,  579 

with  the  rule,  494 
Atropia,  182,  466 

in  strabismus,  555 

precautions  in  using,  467 
Atropine,  182 

Bandages,  188 

protective,  398 
Basedow's  disease,  432 
Belladonna,  182 
Bell's  paralysis,  573 
Biborate  of  soda,  181 
Binocular  single  vision,  test  for,  174 
Bjerrum's  test  letters,  134 
Blennorrhea,  259,  262 

prognosis  of,  269 
Blepharitis  ciliaris,  232, 

marginalis,  232 

treatment,  234 

tarsalis  (hordeolum),  236 
Blepharospasm,  242 
Blindness,  color,  169 

simulation  of,  175 
Blood-letting,  local,  190 
Bonnet's  sheath  or  capsule,  105 
Boracic  acid,  181 
Bowman,  membrane  of,  33,  34 
Bowman's  operation,  246 

operation  for  opening  the  canalic- 
uli,  205 

system  for  recording  the  tension  in 
glaucoma,  355 
Brachymetropia,  476 
Brain,  diseases  of,  433 
Bright's  disease,  the  eye  in,  331 
Buphthalmos,   302 

Calabar  bean,  184 

Calomel,  185 

Canaliculus,  dilatation  of,  246 

Canthoplasty,  209,  210 

Canthotomy,  209,  242 

Canthus,  external,  division  of,  209 

inner,  4 

outer,  4 
Caries,  427 

of  the  lachrymal  bones,  251 
Cartilages,  tarsal,  8,  14 
Caruncula  laehrymalis,  29,  31 
Cataract,  373 

anterior  capsular,  376 

Becker's  explanation  of  the  nature 
of  the  process,  374 

capsular,  379 


Cataract,  congenital,  376,  382 

zonular,  377 

total,  378 
diabetes  associated  with,  374 
diagnosis  of,  380 
dislocation  of  the  lens,  419 

Agnew's  bident,  420,  421 

Agnew's  operation  for,  420 

enucleation  in,  421 
following    a   stroke   of  lightning, 

390 
foreign  bodies  in,  388,  389 
hard,  198 
heredity  in,  417 
lenticular,  380 
membranous,  380 
Morgagnian,  375,  384 
operation  for,    195,    198,    199,   200, 
393 

after-treatment,  395 

isinglass  plaster  in,  395 

anterior  polar,  407 

antiseptics  in,  404 

couching,  198 

Daviel's  method,  201,  408 

flap,  simple,  198 

glaucoma  after,  416 

Graefe's  modified  linear,  198 

hard,  201 

Pallucei's      method     (corneal 
flap),  409 

Richter's      method       (corneal 
flap),  49 

sections  for,  410,  411 

without  a  mydriatic,  414 

in  Bright's  disease,  402 

iritis  after,  394,  399,  403 

Liebreich's  operation,  200 

opening  of  the  eye  after,  396 

ordering  glasses  after,  399 

possible  accidents  in,  201 

posterior  polar,  407 

preliminary  iridectomy  in,  200 

protective  bandages,  398 

reclination,  414 

removal  by  suction,  196 

results  of,  418 

secondary,  201 

senile,  result  of,  402 

should  two  eyes  be  operated  on 
at  the  same  time,  401 

soft,  195,  196,  406 

suction,  415 

suppuration  after,  394,  404 

temperature  in,  406 

time  of  year,  402 

traumatic,  407 

use  of  sulplional  in,  405 

when  to  be  performed,  399 

zonular,  407 
over-ripe,  384 
polar,  376 

anterior,  378 
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Cataract,  progress  of ,  383 
pyramidal,  870 
ripening  of,  385 

Foerster's  method,  385 
Kalish's    method   of  prevent- 
in--,  383 
secondary,  857,  87S 
senile,  375,  379 
black,  375,  380 
capsular,  375 
fluid  vitreous  in,  340 
membranous,  380 
result  <>t'  an  operation  for,  402 
treatment  of,  393 
test  for  complete,  381 
traumatic,  384,  386 

illustrative  eases,  385,  387 
treatment  of,  392 
use  of  a  mvdrial  ic  in,  383 
Cellulitis,  249' 
Chalazion,  237,  426 
t   lianere  of  the  eyelids,  244 

( Ihloride  of  sodium,  181 

( Jhloroform,  226 

( Iholera,  105 

Chorio  capillaris,  menibrane,  51 

Choroid,  -111.  304 

blood  supply  of,  73 

coloboma  of,  322 

diseases  of,   304,    314 

histological  elements,  49 

hypersemia  of,  323 

injuries  of,  804.  314 

irritation  of,  323 

peri-choroidal  space,  50 

physiology,  51 

rupture  of,  322 

sarcoma  of,  322 

structure,  4!» 

tuberculosis  of,  322 

tumors  of,  322 
Choroidal  hemorrhages,  324 
Choroidea,  supra-,  50 
Choroiditis,  325 

irido-,  sympathetic,  304 

metastatic,  321 

partialis,  304 

plastic,  325 

serous,  325 

suppurative,  322 

value  of  pilocarpine  in,  185 
Chromhidrosis,  241 
Ciliary  body,  41,  52 

blood  supply,   78 

diseases  and  injuries,  histological 
elements,  52 

physiology,  54 

structure.  52 

muscle,  52.  5:'. 

processes.  41,  52,  5:! 

function  of  nutrition,  64 
( lloquet's  canal.  41.  43 
Cocaine,  hydrochlorate  of ,  184,  223 
'  3J 


Cohn's  table  of  the  relative  frequency 
hi  various  affections,  120 

<  lollodion,  '-248 

Colloid  degeneration  of  the  optic  pa- 
pilla. 350 

Coloboma,  Of  the  eyelids,   244 
of  the  choroid,   822 

Color  blindness,  169 

Conditions  of  the  eye  requiring  the  use 

of  glasses,    \ '■'<'• 
( lonical  cornea,  301,  474 

<  lonjunctiva,  14,  28,  25  I 

anatomy  of,  28 

blood-vessels,  31,  74 

caruncula  Lachrymalis,  29,  81 

characteristics  of  a  healthy.  25 

diseases  of,  254 

emphysema  of,  257 

foreign  bodies  in,  254 

fornix,  28,  80,  31 

histological  elements,  29 

hypeneinia  of.  258 

inflammatory  affections  of,  25s 

injuries  and  diseases  of,  254 

from  lime,    mortar,  acids,  and 
so  forth,  255 

nerves,  82 

ocular,  28,  30 

palpebral,   14,  28,  29 

physiology,  32 

structure,  2!) 

sub-conjunctival  hemorrhage,  256 
Conjunctival  is,  linibus,  28 
Con  junctivitis,  259 

'catarrhal,  259,  279 

contagious,  207 

statistics  of,  267 

diptheritic,  270 

gonorrhoea!,  265 

granular.  274 

in  infants,  264 

membranous,  271 

phlyctenular.  271 

prognosis  of,  269 

purulent.   208 

statistics  of.  270 

traumatic,  250 
Corel  vs  is,    11)5 
Cornea,  34,  47,  287 

anatomy  of,  33 

arcus  senilis,  37 

burns  of,  289 

conical,  301,  474 

diseases  of,  287 

examination  of,  126 

fistula  of.  303 

histological  elements.  8:'. 

injuries  of.  from  foreigD  bodies.  2S7 
Am  lew's   method  of  removal, 
288 

nerves,  35,  36 

oblique  illumination,  127 

paracentesis   of,  193 
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Cornea,  physiology,  37 

structure,  33 

tattooing  of,  298 

trephining  of,  193 
Corrugator  supercilii,  3 

function  of,  3 
Couching  in  cataract,  198 
Critchett's  operation,  301 
Crystalline  humor,  muscularity  of,  62 
Crystalline  lens,  43,  44,  45,  46 

capsule  of,  45 

diseases  and  injuries  of,  373 

histological  elements  of,  43 

physiology  of,  48 

senile  changes  of,  48 

structure  of,  44 
Cyclitis,  314 
Cysticerci,  341 

Dacryocystitis,  245 
Daviel's  method    in    cataract   extrac- 
tion, 408 
Demmet's  thread  operation,  572 
Descemet's  membrane,  33,  34,  85 
Descemetitis,  310 
Diplopia,  crossed,  171,  567 

homonymous,  170,  171,  56 
Diseases  of  the  brain  and  optic  nerye, 

433 
Dislocation  of  the  lens,  419 

congenital,  421 
Distichiasis,  209,  240 

definition  of,  210 

operations  for,  209 
Double  vision,  169 

test  for,  170 
Duboisine,  184 

Ecchymosis,  243 
Ectopia  lentis,  419 
Ectropion,  operations  for,  210,  211 
plastic,  214 
plastic,  after-treat- 
ment of,  215 

skin  grafting  for,  216,  218 
Electric  light,  440 
Electrolysis,  281 
Emmetropia,  463 

Emphysema  of  the  conjunctiva,  257, 426 
Entropion,  operations  for,  209,  211 
Enucleation,  tumors  of  the  iris,  313 
Epicanthus,   244 
Ephidrosis,  241 
Episcleritis,  304 

value  of  pilocarpine  in,  185 
Epitheliomata,  239 
Eruptions  (syphilitic)  of  the  lids,  211 
Erysipelas  of  the  eyelids,  231 

treatment  of,  231 
Eserine,  184,  307 

in  glaucoma,  370 
Ether,  sulphuric,  225 
Ethmoidal  foramina,  103 


Examination  of  the  eye,  124 
oblique  illumination,  127 
Exophthalmic  goitre,  432 
Exophthalmos,   425 
External  rectus  muscles,  11,  17 
action  of,  22,  24 
movements  of,  25 
paralysis  of,  567,  575 
Extrinsic  muscles,  16 
Eye,  anatomy  of,  3 
appendages  of,  3 
blood-vessels  of,  74 
equatorial  meridian  of,  20 
examination  of,  124 
horizontal  meridian  of,  20 
humors  of,  40 
irritants,  185 
movements  of  the,  Wells,  Sollberg, 

25 
table  showing   relative   frequency 

of  various  affections,  119,  122 
table  from   American   ophthalmic 

clinics,  120 
Cohn's  table,  120 
treatment  of,  178 

absorbent  cotton,  188 
caustics  and  astringents,  180 
cold  and  hot  applications,  10 
cold  douche,  182 
vertical  meridian  of,  20 
Eyeball,  16 

angles  of,  21 

antero- posterior  axis,  19,  20 

axis  of  turning,  21 

base  line,  20 

blood-vessels,  25,  74 

centre  of  motion,  19,  20,  21 

compound  motion,  22 

direct  downward  movement,  23 

upward  movement,  23 
downward  and  inward  movement, 

24 
downward  and  outward  movement. 

25 
enucleation  of,  219,  319 

use  of  cocaine  in,  225 
equatorial  meridian,  20 
excision  of,  219 
horizontal  meridian,  20 
line  of  fixation,  19,  21 
meridian  plane,  20 
muscles  of,  16 

function  of.   19 
muscle  plane,  21 
nerves.  25 
nodal  points,  19.  21 
operations  on.  222 

alter  treatment,  222 
optic  axis.   19,  20 
physiology,   19 
primary  position,  21 
secondary  position,  21 
polar,  posterior,  376 
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Eyeball,  transverse  axis  of ,  19 

upward  and  inward  movement,  24 
and  outward  movement,  '.'I 

vertical  a  x  is,  20 

meridian  of,  20 
sect  ion  of,   I  I 

visual  lines.   19,   31,  113,  114 
plane,  20 
Eyebrows,  3 
Eyelashes,  9 

examiuat  ion  of,  125 
Eyeglasses,  541,  545 
Eyelids,  3 

abscess  of,  21  I 

areolar  tissue,  5 

blood-vessels.   10 

burns  of,   243 

chancres  of,  244 

coloboma,  244 

diseases  of,  2:51 

ecchymosis  of,  243 

erysipelas  of,  231 

everting  upper  lid,  125 

examination  of,  124 

integument  of,  4 

ligaments,  9 

inner  can  thai,  9 
outer  can  thai,  9 

lymphatics,    10 

muscles  of,  5 

nerves,  10 

physiology,  10 

syphilitic  eruptions  and  ulcers  of, 
'  244 

tarsal  cartilages,  8 

wounds  of,  243 
Eye  shades,  190 

Facial   nerve  (seventh),  paralvsis  of, 

572 
Filaria  oculi,  343 
Fistula  of  cornea,  803 
Floating  bodies  in  vitreous,  340 
Foerster's  photometer,  133 
Fontana's  canal,  To 

spaces,  47 
Foreign  bodies  in  cataract,  388,  389 

the  conjunctiva,  254 

the  eve.  254,  315 

the  lens,  389.  419 

the  sclera,  304 

injuries  to  the  cornea  from,  287 
Agnew's  method   of  removal, 
288 

value  of  cocaine  in  removal  of,  225 
Fossa  lachrymalis,   101 
Fovea  centralis,  83,  149 

trochlearis,  101 
Frontal  sinus,  diseases  of,  426 

GALEZOWSKI'S  speculum,   192 
Glasses,  541 

conditions  requiring.  4:17 


Glasses  in  hypermetropia,  496 
in  myopia,  484 
in  strabismus,  555 

occupations  of  those  seeking  the 
aid  of,  ill 

remarks  as  to  method  of  adapting, 
I'm-  errors  in  refraction  and  ac- 
commodation, 543 

testing  the  eve  with,  11.") 
Glaucoma.  351 

absolutum,  :?">7,  :5(il,  86S 

acute,  370 

after  extraction  of  cataract,  366 

age  at  which  disease  occurs,  357 
statistics,  357,  358 

artificial,  384 

astigmatism  in,  370 

chronic,  371 

classification  of,  353 

congestive  (inflammatory),  353, 
360 

differentiation  between  atrophy  of 
the  optic  nerve  and  glaucoma, 
353,  361 

Donders'  explanation  of  the  halo 
in,  371 

eserine  in,  370 

eserine,  illustrative  case,  :!71 

etiology,   359 

excavation  of  optic  papilla  in,  3<!2 

explanation  of  the  immunity  of 
young  persons,  359 

fulminans,  361 

hemorrhagic,  361 

induced  by  a  mydriatic,  183 

mistaken  for  neuralgia.  352 

primary,  351 

acute,  352,  359,  361 
acute,  symptoms  of,  355 

chronic.  353,  859,  361,  368 

prodromal  stages  of,  356 

produced  by  atropine,  300,  361 

prognosis,  o<>7 

refraction  in,  370 

relief  and  cure  by  eserine,  185 

sclerotomy  in,  36S 

secondary,  351,  360.  365,   W7 

testing  for.  354,  355 

Bowman's  system,  355 

treatment.  367 
Glioma  of  the  retina.  337 
Graefe's  operation,  302 
Granular  lids.  274 
Gratiolet's  optic  radiation,  91 
Grattage,  282,  283 
Graves'  disease,  432 

Hasner,  valve  of ,  15 
Hemiopia,  100,  433 

homonymous  or  equilateral,  168 

nasal.  168 

temporal.  100,   168 

Wernicke's,   134 
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Hemorrhages,  choroidal,  324 

of  the  orbit,  426 

sub-conjunctival,  256 
Hippus,  569 

Holmgren's  test  (colorblindness),  169 
Homatropine,  184,  512,  555 
Hordeolum,  236 

Horner's   muscle    (tensor  tarsi) ,    7,  8, 
13,  14 

action  of,  8 
Humors  of  the  eye,  40 
Hyalitis,  339 
Hyaloid  artery,  persistent,  339 

body,  40 
Hydropthalmia,  302 
Hyperemia  of  the  conjunctiva,  258 

of  the  retina,  327 
Hvpermetropia,  150,  445,  470,  476,  518, 
531 

absolute,  470 

acquired,  469,  537 

causing  asthenopia,  496,  503,  509 

facultative,  465 

influence  of  heredity  in,  471 

latent,  466 

precautions  in  using  atropia  in,  467 

manifest,  465 

spasm  of  accommodation,  472 
Hypopyon,  293,  295 

Incarcerated  iris,  404 

Inferior  oblique  muscle,  11,  18,  26 

action  of,  23,  24 

attachment  of,  17 

centre  of  motion  of,  26 

movements  of,  25 

origin  of,  1 02 

paralysis  of,  574 
Inferior  rectus  muscle,  16,  17 

action  of,  22,  23,  24,  25 

centre  of  motion,  26 

movements  of,  25 
Inoculation.  278 
Insufficiencies,  latent,  172 
Internal  rectus,  11,  17 

action  of,  22,  24,  25 

converging  power  of,  173 

movements  of,  25 

paralysis  of,  567,  568 
Iridectomv,  194 

in  glaucoma,  367,  368,  369 

preliminary,  200 
Iridodonesis,  569 
Iridotomy,  194 
Iris.  53 

blood  supply  of,  73 

color  of,  70 

cysts  of,  313 

diseases  of,  306 

histological  elements  of,  68 

injuries  (wounds)  of,  306 

movements  of.  71 

paralysis  of,  568 


Iris,  physiology  of,  70 

sarcoma  of,  313 

structure  of,  68 

tremulous,  569 

tumor  of,  313 
Iritis,  307 

double,  489 

transient    myopia    in    connection 
with,  489 

gonorrhceal,  313 

rheumatic,  309 

suppurative,  311 

syphilitic,  308 
Irritants  of  the  eye,  185 

Jacob's  membrane,  79,  80,  95 
Jaeger's  plan  in  hyperaemia  of  the  re- 
tina, 327 
Jaesche-Arlt  operation,  209,  210 
Javal's  optometer,  131,  132 
Jequirity,  185 

Keratitis,  290 

circumscribed,  291 

consequences  of,  297 

diffuse,  290,  293 

phlyctenular,  271,   295 

suppurative,  293 

vascular  (pannus),  296 
Kerato-globus,  302 
Keratonyxis,  195 
Keratoscopy,  153 
Roller's   method   for   producing   local 

anaesthesia,  224 

Lachrymal  abscess,  250 

Lachrymal  apparatus,  anatomy  of,  10 

blood-vessels  of.  15 

conducting  portion  of,  12 

diseases  of,  245 

function  of,  16 

nasal  duct,  14 

structure  of,  15 

nerves  of,  15 

physiology  of,  15 

secreting  portion  of,  10 

structure  of,  15 
Lachrymal  blennorrhcea,  249 

treatment  of,  250 
Lachrymal  canals,  12 

function  of,  16 

structure  of,  13 
Lachrymal  catarrh,  15,  245 

causes,  246 

Bowman's  operation,  246 

treatment  of,  246 
Lachrymal  duct,  13,  15 

function  of,  16 
Lachrymal  fistula,  251 
Lachrymal  glands,  10,  11,  15 

accessory,  80 

exl  irpation  of,  12 

fund  ion  of.  l  ."> 


INDEX. 


613 


Lachrymal  operations,  205 
Lachrymal  papilla,   I 
Lachrymal  probes,  206 
Lachrymal  sac,    12,    13,  14,  15 

examinat  ion  of,  125 

function  of.   16 

structure  of,  13,  14 
1  lagophthalmos,   241 
Lamina  Cl'ibrosa,  38,  95,  96 

fusca,  38,  50 

vitrea,   51 
Lent  i  conns,  422 

Levator   palpebral   superior  is    muscle, 
4,  7,   17 

function  of,  8 

paralysis  of,  569 
Ligaments,  9 

inner  can  thai,  9 

outer  can  thai,  9 
Light,  aberration  of,  493 

electric,  440 

exclusion  of,  186 

for  operators,  222 

influence  of  various  kinds  on  the 
eye.  Ud 
Light  sense,  133 
Limbus  conjunctivalis,  28 
Linear  incisiou,   196 
Locomotor  ataxia,  incipieut,  178 
Loring's    refraction     ophthalmoscope, 
143,  144 

Macula  hitea,  83,  113,  114,  148 

Macula,  light-ring  at,  85 

Mariotte.  blind  spot  of,  168 

Meckel's  ganglion,  27 

Meibomian  glands,  4,  5,  9,  14 

Migraine,   532 

Morgagni,  liquor,  45 

Mouches  volantes,  340 

Movements  of  the  eve,  Sollberg  Wells, 

25 
Midler's  muscle,  7,  8 
circular  fibres  of,  53 
lower  palpebral  muscle  of,  106 
radiating  fibres  of,  82 
upper  palpebral  muscle  of,  106 
Muscat  volitantes,  340 
Muscles,  ciliary,  52 

corrugator  supercilii,  3 
function  of,  3 
Muscles,  eyeball,  16 

examining  action  of,  173 
external  rectus,  11,  17 
action  of,  22,  24 
movements  of.  25 
paralysis  of,  575 
testing  the  power  of,  166 
extrinsic.   16 
Homer's,  7,  8.  13.  14 

action  of,  8 
inferior  oblique.  11,  18,  26 
attachment  of,  17 


Muscles,    inferior  oblique,    action   of, 
•j::,  24 

movements  of,  25 

origin  of,  102 

paralysis  of,  :>7 1 
inferior  rectus,  11,  10,   17 

attachment  of,    17 

action  of.  22,  2:;,  24,  25 

movements  of,  25 
internal  rectus,  17 

action  of,  22,  24,  25 

movements  of,  25 
intrinsic,  16 
levator  palpebrae  superioris,  4,  7,  17 

function  of,  8 

paralysis  of,  569 
orbicularis  palpebrarum,  6 

function  of,  8 

tendon  of,  13 
paralysis  of,  563 

syphilis  as  a  cause  of,  564 

table  of,  565 

treatment,  566 
Riola nus\  5,  6,  7,  8 
superior  oblique,  17,  18 

attachment  of,  17 

action  of,  22,  24,  25 

movements  of,  25 

paralysis  of,  573 

pulley  for,  17 
superior  rectus,  11,  16,  17 

attachment  of,  17 

action  of,  22,  23,  24 

movements  of,  25 

paralysis  of,  573 
Mydriasis,  568,  574 
Mydriatics,   182 

in  cataract,  383 
Myopes,  absence  of  asthenopia  in,  454 
Myopia,  150,  473,  474,  475 
advancing,  487 
artificial,  475 
congenital,  477 
correcting  glasses  for,  484 
diagnosis.    178 
"index  myopia,"  490 
not  cured  by  atropia,  48 
ophthalmoscopic  appearances,  479 
posterior  staphyloma  in,  481 
progressive,  47(i 

noil-,  476 
radical  cure  of,  487 
remote  causes  of,  482 
removal  of  the  lens  for  the  cure  of, 

488 
transient,  in  connection  with  iritis, 

489 
treatment  of,  483 
with  astigmatism,  488 
Mvosis.  569 
Myotics,   is) 

Nasal  duct,  probing,  205 
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Necrosis,  427 
Needling,  201 
Nephritic  retinitis,  330 
Nerve  fibres,  opaque,  349 
Nerve,  Wrisberg's,  92 
Nerves,  fourth  (trochlear),  26,  92 
optic,  89,  92,  93 
anatomy  of,  89 
entrance,  17,  96 
origin  of,  90 
structure  of,  92 
sixth  (abducens),  27,  92 
third,  origin  of,  26,  92 

recurrent  paralysis  of,  574 
Neuritis  optica,  344 
ascending,  345 
descending,  345 

ophthalmoscopic    appearances   in, 
345 
Neuro-retinitis,  330 

sympathetic,  320 
Neurotomy,  optico-ciliary,  222 
Nictitation,  242 
Nitrate  of  silver,  180 
Nodal  points,  19,  21 
Nystagmus,  577 

Oblique      illumination    in    examina- 
tions, 127 
Ocular  conjunctiva,  28,  30 
CEdema,  257 
Ointments,  185 
Onyx,  293 
Opacities,  298 
Opaque  nerve  fibres,  349 
Operating  chair  (DeWecker's),  227,  228 

tables,  227 
Operations,  surgical,  191 
Ophthalmia  neonatorum,  264 

purulent,  264 

vaseline  for,  185 
Ophthalmometer,  154,  509,  510,  514,  515 

descriptions  of,  159 

directions     for    using    (Dr.     Van 
Fleet),  158 

optical  system  of,  161 

primary  position,  156 

Thos.  Reid's,  160 

secondary  position,  156 

telescope  of,  162 
Ophthalmoplegia,  576 
Ophthalmoscope,  124,  134,  467 

illumination,  145 

indirect  method,  146 

Loring's  refraction,  143,  144 
Optic  disc,  96 
Optic  nerves,  92,  93 

anatomy  of,  89 

atrophy  of,  346 

blood-vessels,  97 

composition  of,  90 

cranial  portion,  90,  97 

composition  of,  92 


Optic  nerves,  diseases  of,  344,  433 

entrance,  17,  96 

orbital  portion,  93 
structure  of,  93 

origin  of,  90 

physiology  of,  98 

structure  of,  92 
Optic  neuritis,  344 

ascending,  345 

descending,  345 

ophthalmoscopic   appearances   in, 
345 
Optic  papilla,  colloid  degeneration  of, 
346 

excavation  in  glaucoma,  362 
Optic  radiation  (Gratiolet's) ,  91 
Optic  tracts,  90,  91 

blood-vessels  of,  97 
Optico-ciliary  neurotomy,  222 
Optometer,  Javal's,  131,  132 
Orbicularis  palpebrarum  muscle,  6 

function  of,  8 

paralysis  of,  241 

tendon  of,  13 
Orbit,  anatomy  of,  101 

angles  of,  103 

apex  of,  104 

base  of,  104 

blood-vessels  of,  106 

bony  growths  of,  428,  429 

diseases  of,  425 

functions  of,  107 

injuries  of,  425 

nerves  of,  107 

periostitis  of,  427 

soft  structure  in,  104 

tumors  of.  42S 

walls  of,  101 
Orbital  axis,  20 
Orbital  cellulitis,  426 

Palpebral  conjunctiva,  14,  28,  29 

fissure,  4 

muscle  of  Miiller,  106 
Panas'  operation,  572 
Pannus,  296,  297 
Panophthalmitis,  322 
Paracentesis  of  cornea,  193 
Paralysis,  563 

accommodation,  574 

Bell's,  573 

external  rectus,  567,  575 

facial  nerve,  572 

inferior  oblique,  574 

iris,  568 

levator  palpebral,  569 

orbicularis  muscle,  241 

recurrent,  of  third  nerve.  574 

superior  oblique,  575 

superior  rectus,  573 

syphilis  as  a  cause  of,  56  I 

table  of,  565 

treatment  of,  566 
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Passavant's  method  of  corelysis,  195 

Perimeter,  167 

Periostitis  of  the  orbit,  427 

Peritomy,  278 

Petit's  canal.    1 1 

Photometer,  Foerster's,   L33 

Photophobia,  128 

Phthiriasis,  239 

Physostigmine,  184 

Pilocarpine,  185 

Plastic  operations,  214 

after  treatment  of,  215 
Plica  semilunaris,  28 
Porus  opticus,  38,  95 
Posterior  staphyloma,  481 
Presbyopia,  535 

glasses  for,  541,  544 

testing  for,  538 
Prisms,  172 

examination  of  muscles  with,  173 
Probes,  247 
Pterygium,  283 
Ptosis,  241,  569 

operations  for,  571 
Functum,  examination  of,  125 

lachrymale,  4,  12 
Pupil,  associated  reaction,  72 

centre  of  motion  of,  26 

consensual   or    consentaneous    re- 
action of,  72 

reflex  reaction  of,  72 
Pupiloscopy,  153 
Pyorrhoea,  263 

Reclination,  198 
Refraction,  axial,  468 

errors  of,  120,  121 

method  of  adapting  glasses  for, 
543 

theory  of,  87 
Reichert's  membrane,  33 
Remedies  applicable,  178 
Removal  of  the  eye,  319,  320 
Retina,  anaesthesia  of,  328 

anatomy  of,  77 

blood-vessels  of,  84 

cellular  or  supporting  tissue  of,  82 

connective-tissue  elements  of,  77 

cysts  of,  338 

dazzling  of,  338 

diseases  of,  327 

detachment  of,  335,  404 

embolism  of   the  central  artery  of, 
336 

epilepsy  of,  336 

glioma  of,  337 

histological  elements  of,  77 

hyperaemia  of.  327 
Jaeger's  plan,  327 

hyperesthesia  of,  328 

injuries  of,  337 

ophthalmoscopic  appearances  of ,  85 
light-ring  at  macula,  85 


Retina,  ophthalmoscopic  appearances 
of  light-streak  on  retinal  ves- 
sels, 86 

physiology  of,  88 

rupture  of,  338 

senile  changes  in,  89 
Retinal  purple,  85 
Retinitis,  327 

albuminurica,  330 

due  to  quinine,  346 

hemorrhagica,  •'!:;?,  305 

leukaemica,  332 

nephritic,  330 

Ileum-.    330 

ne i iro-sy m pathetic,  320 

ophthalmoscopic    appearances   in, 
329 

pigmentosa,  332 

ophthalmoscopic    appearances 
in,  333 

syphilitic,  330 
Retinoscopy  (shadow  test) ,  150,  513 

invention  of,  152 
Riolanus'  muscle,  5,  6,  7,  8 
Rosenmuller,  accessory  gland  of,  11 
Ruyschiana  membrane,  50 

Saemisch's     operation     for     indolent 

ulcer,  193 
Samson's  operation,  213,  214 
Sarcoma  of  the  choroid,  322 
Schlemm's  canal,  40,  41,  47,  74 
Sclera,  47 

anatomy  of,  37 

blood-vessels  of,  39 

diseases  of,  304 

histological  elements  of,  38 

injuries  of,  304 

removal  of  foreign  bodies  from,  304 

staphyloma  of,  306 

structure  of,  38 

wounds  of,  304 
Sclerotomy  in  glaucoma,  368 
Scopolamine,  184,  360,  555 
Scotoma,  test  for,  168 
Second  sight,  470 
Shadow  test  (retinoscopj-) ,  150,  513 

invention  of,  152 
Shades,  eye,  190 
Sight,  second,  470 
Skiascopy,  153 
Skin  grafting,  218,  286 

Wolfe's  method,  216,  217 
Snellen's  tests,  130,  176 

types,  130 
Soemmering,  yellow  spot  of,  83 
Spasm  of  accommodation,  468,  472 
Spectacles,  542 

protective,  190 

stenopoeic,  298 
Specula,  192 

Staphyloma  of  the  sclera,  306 
Staphyloniata,  cicatricial,  300 
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Stereoscopic  effect,  116 
Strabismus,  546 

alternating,  547 
concomitant,  547 
convergent,  171,  547 
causes,  548 
improvement   in   vision   from 

operation,  549 
muscular  or  myopathic  theory, 

554 
neuritis  optica  in,  553 
treatment  of,  554 
deorsum  vergens,  562 
divergent,  559 

treatment  of,  561 
operation,  203 

cases  reported  where  the  sclera, 
was    divided    and    vitreous 
escaped,  204 
cocaine  in,  224 

inflammation  of  Tenon's  cap- 
sule, 205 
relief  from  iced  cloths,  203 
results  of,  557 
tenotomy,  18,  520,  558 
periodic,  547 
sursum  vergens.  562 
Strabotomy,  203  (see  Tenotomy) 
Streatfield's  method  of  corelysis,  195 
Styes,  236 

treatment,  236 
Sub-arachnoid  space,  93,  94 
Sub-dural  space,  93,  94 
Sulphate  of  copper,  180 
Sulphate  of  zinc  and  sulpho-carbolate 

of  zinc,  181 
Superior  oblique,  17,  18 
action  of,  22,  24,  25 
attachment  of,  17 
paralysis  of,  575 
pulley  for,  17 
Superior  palpebral  muscle,  7 
Superior  rectus,  11,  16,  17 
action  of,  22,  23,   24,  25 
attachment  of,  17 
paralysis  of,  573 
Suppuration  after  cataract  operation, 

394,  404 
Supra-choroidea,  50 
Surgical  operations,  191 
Symblepharon,  221,  256,  285 
Sympathetic  inflammation,  318 
irritation,  317 
symptoms,  318 

ophthalmia,  optico-ciliary  neurot- 
omy in,  222 
Synchysis  scintillans,  339 
Synechiae,  posterior,  309,  310 
Synectomy,  278 

Syphilis,  causing  paralysis,  564 
causing  retinitis,  330 

Table  showing  relative  frequency  of 


various  affections  of  the   eye,  119, 
122 
Tannic  acid,  181 
Tapetum,  136 

Tattooing  of  the  cornea,  298 
Teleangiectasis,  240 
Tendo  palpebrarum,  6,  9 
Tenon's  capsule,  16,  18,  105 

inflammation  of,  427 
Tenotomy,  18,  203,  520,  532 

cases  reported  where  the  sclera  was 
divided  and  vitreous  escaped,  204 

for  strabismus,  558 
Test-dials  (letters) ,  513 
Test  letters,  130,  132 

Bjerrums,  134 
Testing  the  eye  with  glasses,  165 
Testing  the  power  of  external  muscles, 

66 
Trachoma,  274 

different  forms,  275 

surgical  treatment  of,  280 

value  of  jequirity  in,  85 
Treatment  of  the  eye,  178 

absorbent  cotton  in,  188 

caustics  and  astringents,  180 

cold  and  hot  applications,  179 

cold  douche,  182 
Trephining  of  cornea,  193 
Trichiasis.  209,  240 

definition  of,  210 

operations  for.  209 
Tuberculosis  of  the  choroid,  322 
Tumors  of  the  orbit,  428 
Tunica  vasculosa,  50 

Ulcers  of  the  lids,  244 

Ulcers  (indolent),  operation  for,  193 

Uraemic  amaurosis,  331 

Uvea,  blood  supply  of,  73,  74 

nerves  to,  76 
Uveal  tract,  49 

inflammation  of,  308 

Various  affections  of  the  eye,  table  of, 

119,  122 
Vaseline,  185 

Vena  vorticosa,  50,  51,  149 
Vieussens,  valve  of,  26 
Vision,    abnormal,     of    an    unnoticed 
kind,  445 
binocular  single,  test  for,  174 
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"This  is  the  most  extensive  work  on  bac- 
teriology that  has  vet  appeared  in  the  Eng- 
lish language." — -Medical  Record. 

"  It  is  eminently  fitting  that  Dr.  Sternberg, 
who  has  himself  done  much  to  increase  our 
knowledge  of  bacteriology,  and  who  was  one  of 
the  pioneers  in  the  work  in  this  country,  should 
give  to  the  English-reading  public  their  first 
adequate  survey  of  the  bacteriological  field. 
His  manual  at  once  takes  its  place  as  the 
standard  bacteriology  in  the  English  lan- 
guage."— Science. 

"  Had  the  work  not  been  so  good,  we  should 
not  have  devoted  so  much  time  and  space  in 
its  consideration,  and  while  drawing  atten- 
tion to  some  of  its  failings,  we  do  so  only  to 
emphasize  the  many  good  features  of  Dr. 
Sternberg's  manual." — The  Lancet. 

"The  work  before  us  will  prove  of  the 
greatest  value  to  those  who  wish  a  book  of  ref- 


erence, dealing  with  all  branches  of  bacterio- 
logical science.  So  laborious  a  task  as  the 
compilation  of  this  closely  printed  volume  of 
nearly  '.'00  pages  has  not  Keen  previously  at- 
tempted by  any  bacteriologist.  To  the  pub- 
lishers, too,  the  highest  praise  is  due  for  the 
admirable  series  of  illustrations  witli  which 
the  text  is  supplied." — Edinburgh  Medical 
Journal. 

"There  is  no  better  work  on  the  subject  in 
the  English  language  than  this  one  by  Dr. 
Sternberg." — Thr  Pittsburgh  Medical  Review, 

"Dr.  Sternberg  deservvs.  and  will  certainly 
receive,  the  gratitude  of  all  English-speaking 
bacteriologists  for  having  summoned  up  cour- 
age enough  to  carry  through  upon  so  excellent 
a  plan  that  which  all  others  have  refused  to 
venture  upon.  In  this  manual,  we  at  last  pos- 
sess an  authoritative  and  very  complete  book 
of  reference." — Montreal  Medical  Journal. 
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pplied to.  This  work  is  an  exception  to  this  perb  work. "—Pac^c  Medical  and  Surgical 
rule."—  Ohio  Medical  Recorder.  Journal. 


PUBLICATIONS  OF  WILLIAM  WOOD  &  COMPANY. 


Diagnosis. 


Garrigues,  Henry  Jacques,  A.M.,  M.D., 


Obstetric  Surgeon  to  the  Maternity  Hospital ;  Physician  to  the  Gynecologic.nl  Department  of  tbe  Ger- 
man Dispensary ;  Fellow  of  the  American  Gynecological  Society  ;  Fellow  of  the  New  York  Obstet- 
rical Society,  etc. 

DIAGNOSIS  OF  OVARIAN  CYSTS  BY  MEANS  OF  THE  EX- 
AMINATION OF  THEIR  CONTENTS.  One  volume,  8vo, 
112  pages,  illustrated,  muslin.     Price,  $1.25. 

Guttman,  Dr.  Paul, 

Privat-Docent  in  Medicine,  University  of  Berlin. 

A  HANDBOOK  OF  PHYSICAL  DIAGNOSIS  :  COMPRISING 
THE  THROAT,  THORAX,  AND  ABDOMEN.  I  .*nslated 
from  the  Third  German  Edition  by  Alex.  Napier,  M.D.,  Fellow  of 
Faculty  of  Physicians  and  Surgeons,  Glasgow.  American  edition, 
with  a  colored  plate  and  numerous  illustrations.  Sold  only  by  sub- 
scription. 


Hudson,  E.  D.,  Jr.,  A.M.,  M.D., 

Professor  of  General  Medicine  and  Diseases  of  the  Chest  in  the  New  York  Polyclinic.  Physician  to  Brlle- 
vne  Hospital,  etc. 

A  MANUAL  OF  THE  PHYSICAL  DIAGNOSIS  OF  THORACIC 
DISEASES.  162  pages,  profusely  illustrated.  Price,  extra  muslin, 
$1.50. 


Loomis,  Alfred  L.,  M.D. 

LESSONS    IN    PHYSICAL    DIAGNOSIS.      Tenth    revised    edition. 
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"  The  previous  editions  of  this  volume  have 
been  very  well  received,  and,  from  their  ready 
sale,  appear  to  meet  a  well-recognized  want. 
.  .  .  We  find  the  plan  of  the  work  excel- 
lent, and,  within  the  limits  proposed  by  the 
author,  very  well  carried  out.  It  would  be 
easy  to  point  out  many  omissions  ;  complete- 
ness and  conciseness  to  a  certain  degree  ex- 
clude each  othe* ;  but  in  the  space  assumed  it 
would  be  difficult  to  include  a  greater  variety 
and  amount  of  sound  teaching.  The  style  is 
compact,  clear,  positive,  and  exact.  It  is  free 
from  all  irrelevant  discussions  ;  nothing  is  al- 
lowed to  disturb  or  confuse  the  distinct  image 
of  clinical  facts.  .  .  .  The  book  is  very 
creditable  to  its  acute  and  industrious  author  ; 
and  whoever  shall  practically  master  its  con- 
tents cannot  fail  to  be  a  discriminating  and 
well-fnniished  diagnostician." —  The  Medical 
Hi  -or d. 

'"  For  students  it  is  the  best  work  on  physi- 


cal diagnosis  that  is  published." — Detroit  He- 
view  of  Medicine. 

"Tnis  is  a  work  already  well  and  favorably 
known  to  the  profession.  In  the  present  edi- 
tion the  original  text  has  been  entirely  revised 
and  enlarged  by  the  addition  of  five  new  les- 
sons."— Chicago  Medical  Examiner. 

"  Students  of  medicine  and  practitioners 
will  find  this  just  the  work  to  meet  their 
wants  on  the  subjects  of  which  it  treats.  Its 
instructions  are  full  and  very  plain." — Cincin- 
nati Medical  News. 

"The  previous  editions  of  the  work,  con- 
fined to  an  exposition  of  the  subject  of  physi- 
cal exploration  of  the  chest  and  abdomen,  we 
have  regarded  as  among  the  very  best  works 
on  the  subject  extant,  and  hence  recommended 
'Loomis  on  Physical  Diagnosis  '  to  our  <  lasses; 
and  it  gives  us  pleasure  to  repeat,  in  this  form, 
our  hearty  commendation  of  the  book."  — 
Michigan  University  Medical  Journal. 
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"Useful  on  account  of  its  systematic  ar- 
rangement."—  Cincinnati  Lancet  and  Clinic. 

"  Wc  are  at  a  loss  to  sec  how  more  informa- 
tion could  have  been  condensed  in  fewer 
words." — Chicago  Medical  Journal  and  Ex- 
aminer. 

"The  system  and  arrangement  of  the  vol- 
ume arc  highly  commendable,  and  the  author 
has  carried  them  out  well." — Southern  Prac- 
titioner. 

"A  very  good  aid  to  surgical  diagnosis  for 
both  advanced  surgeons  and  beginners.  As  a 
text-book  for  surgical  lectures  it  is  quite  val- 
uable."— St.  Louis  Clinical  Record. 

"  With  the  exception  of  Macleod's   '  Out 


and  in  this  country,  in  1804,  this  is,  so  far  as 
we  know,  the  first  monograph  ever  issued  on 
surgical  diagnosis." —  Philadelphia  Medical 
Times, 

"  The  chief  source  of  perplexity  in  the  prac- 
tice of  medicine  and  sing'  ry  is  to  find  out  what 
is  the  matter  with  the  patient.  Uncomfort- 
able, indeed,  is  the  reflection  of  a  practitioner 
when  he  has  left  a  case  bandaged  and  dressed 
for  a  fracture  when,  perchance,  it  may  be  a 
dislocation.  Dr.  Ranney  has  given  as  a  book 
to  assist  us  in  all  such  states  of  uncertainty, 
and  he  has  done  well ;  for  in  presenting  the 
symptoms  of  disease  in  marked  contrast,  it 
makes  the  diagnosis  of  similar  troubles  really 


lines,'  published  simultaneously  in  England    easy." — Toledo  Med.  and  JSury.  Journal. 
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"If  any  one  has  the  right  to  speak  authori- 
tatively upon  otological  matters,  it  is  Dr. 
Roosa,  for  it  is  he  who,  more  than  any  one 
else,  has  made  known  to  the  American  medi- 
cal profession  the  general  principles  of  treat- 
ment of  aural  diseases  ;  and  it  is  safe  to  say 
that  no  book  upon  any  special  subject  has 
been  more  widely  distributed  throughout  the 
country  than  has  his  admirable  treatise.  If 
this  work  be  carefully  studied,  it  will  be  seen 
that  two  main  ideas  run  through  the  whole  of 
what  has  been  written  ;    first,  that  a  skilful 
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treatment  of  ear-troubles  involves  a  consum- 
mate knowledge  of  general  medicine ;  second, 
that  the  measure  of  success  is  determined  by 
the  thoroughness  which  the  practitioner  brings 
to  the  examination  of  his  cases,  before  apply- 
ing his  simple  armamentarium. 

•'It  is  carefully  inculcated  that  nothing  is 
to  be  done  without  a  knowledge  of  what  is  re- 
quired, and  that  practice  '  in  the  dark  '  (tenta- 
tive practice)  is  less  justifiable  in  this  branch 
of  medicine  than  in  any  other." — The  Medical 
Record. 
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"  We  have  examined  this  work  with  pleasure  1  upon  borrowed  opinions  nor  upon  unsupported 


and  unhesitatingly  pronounce  it  a  work  of 
great  merit.  The  individualism  of  the  author 
stands  out  prominently  in  many  of  its  para- 
graphs and  hints." — The  St.  Louis  Medical 
Journal. 

" .  .  .  It  is  a  useful  book  to  general  prac- 
titioners and  a  very  important  book  to  special- 
ists."—  Virginia  Medical  Monthly. 


theory,  but  upon  the  solid  ground  of  long  con- 
tinued and  intelligent  personal  observation. 
Such  a  book  Dr.  Sexton  has  produced  in  the 
volume  before  us." — Neva  York  Medical  Jour- 
nal. 

"It  is  the  pleasant  part  of  the  Reviewer's 
task  to  praise  work  well  done.  This  cheerful 
duty  is  ours  in  calling  attention  to  the  work 


"In  manjr  respects  this  work  of  Dr.  Sexton's  '  noticed  above.  Dr.  Sexton  has  written  a  book 
is  unique.  It  is  a  wide  departure  from  the  |  which  merits  the  description  of  its  title-page, 
beaten  path,  and  contains  a  large  amount  of  '  It  is  a  book  of  'Practical  Contributions  to  the 
material  which  has  never  before,  so  far  as  we  (  Study  of  Otology. ' " — Buffalo  Medical  and 
know,  been  treated  in  any  one  book,  and  much    Surgical  Journal. 


of  it  has  never  before  been  treated  in  a  thorough 
manner." — Science,  New  York. 

"  In  this  age  of  compilation,  when  the  sole 
aim  of  each  new  book  seems  to  be  the  recital 


"  The  book  may  therefore  be  taken  as  a  re- 
flected image  of  the  diseases  which  will  ordi- 
narily meet  the  physician  in  general  practice, 
and,   as  such,  it  will  be  found  of  the  utmost 


of  what  has  been  done  bv  everyone  except  the  '  service,  embracing  as  it  does  the  latest  methods 
author,  .  .  .  it  is  refreshing  to  find  a  book  j  in  diagnosis  and  treatment." — The  Medical 
of  real  originality,  one  that  is  based  neither    Bulletin,  Philadelphia. 
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Beard,  Geo.  M,,  A.M.,  M.D., 


Fellow  of  the  Now  York  Academy  of  Medicine  ;  Member  of  the  American  Academy  of  Medicine  ;  Mem- 
ber of  the  American  Neurological  Association,  of  the  New  York  Neurological  Society,  etc.  ;  and 


Rockwell,  A.  D.,  A.M.,  M.D., 


Fellow  of  the  New  York  Academy  of  Medicine ;  Member  of  the  American  Academy  of  Medicine  ;  Mem- 
ber of  tho  American  Neurological  Association ;  Electro-therapeutist  to  the  Woman's  Hospital  of  the 
State  of  New  York,  etc. 

A  PRACTICAL  TREATISE  ON  THE  MEDICAL  AND  SUR- 
GICAL USES  OF  ELECTRICITY,  INCLUDING  LOCAL- 
IZED AND  GENERAL  FARADIZATION  ;  LOCALIZED 
AND  CENTRAL  GALVANIZATION;  ELECTROLYSIS  AND 
GALVANO-CAU  I'FRY.  Eighth  edition.  Revised  by  A.  D.  Rock- 
well, M.D.  O.ie  volume,  8vo,  815  pages,  one  hundred  and  eighty- 
nine  wood-engravings.     Price,  muslin,  $5.50;  leather,  $6.50. 

"The  impression  it  gives  at  first  sight  is 
very  favorable ;  it  is  beautifully  printed,  and 
illustrated  with  woodcuts  in  a  way  which  can- 
not fail  to  be  most  useful  to  students. 

"  The  matter  of  the  volume,  again,  is  ad- 
mirably arranged  ;  better  than  in  any  book  of 
the  kind  which  1  have  seen. 

"References  are  numerous  and  accurate, 
and  we  are  delighted  to  have  that  which  we 
lack  so  much  in  almost  all  other  such  books, 
namely,  complete  indexes,  both  verbal  and 
bibliographical.  They  have  perfected,  if  they 
did  not  originate,  a  method  of  electro-therapy 
which  they  call  general  faradization. 

"  It  is  a  pleasing  feature  in  the  present  vol- 
ume that  the  unsuccessful  cases  bear  their  just 
proportion  to  the  successful,  and  that  in  other 
instances  where  success  was  incomplete  there 
is  no  attempt  to  make  the  results  more  satis- 


factory than  they  really  were." — British  and 
Foreign  Medieo-Chirurgical  Review. 

"More  important  assistance  perhaps  is  giv- 
en by  the  illustrations  to  the  chapters,  or  the 
modus  operanai,  where  the  various  methods 
of  applying  the  apparatus  in  the  treatment  of 
the  different  affections  is  explained." — London 
Journal  of  Mental  Science. 

"It  is  unquestionably  the  best  and  simplest 
authority  on  this  subject  at  present  accessible. 
Those  who  want  in  this  connection  to  be 
abreast  of  the  times  can  purchase  a  work 
which  will  be  most  satisfactory  and  reliable." 
—  Richmond  Medical  Journal. 

"The  complicated  methods  and  nomencla- 
tures that  have  disheartened  the  puzzled  works 
of  previous  authors  on  this  branch  of  medicine, 
have  been  pruned  of  redundancies  and  con- 
founding  synonyms." — Am.  Practitioner. 


Erb,  Dr.  Wilhelm, 

Professor  in  the  University  of  Leipzig. 

HANDBOOK   OF    ELECTRO-THERAPEUTICS. 

wood-engravings.     Sold  only  by  subscription. 


Illustrated  by  39 


Rockwell,  A.  D.,  A.M.,  M.D., 


Electro-therapeutist  to  the  New  York  S  a  e  Woman's  Ho-pital ;  Member  of  the  American  Nenrologi- 
eal  Association  ;  Fellow  of  the  New  York  Academy  of  Medicine;  Member  of  the  New  Ynvk  County 
Medical  Society,  etc. 

LECTURES  ON  ELECTRICITY  (DYNAMIC  AND  FRANK- 
LINIC)  IN  ITS  RELATIONS  TO  MEDICINE  AND  SUR- 
GERY. One  volume,  8vo,  122  pages,  illustrated,  muslin.  Price, 
$1.25. 

"Contains  all  that  is  practical  and  useful  on  '  "These  lectures  embrace  the  more  impor- 
this  subject  to  the  practitioner;  it  is  concise  tant  practical  matters,  as  the  manipulations  of 
and  interesting  to  read,  and  should  be  in  the  apparatus,  and  the  fields  of  disease  where  eiec- 
hands  of  every  practitioner. " —  Western  Lancet,    tricity  will  promise  the  most  good. " —  Obstetric 

"Practitioners  wishing  to  obtain  a  knowl-  Gazette. 
edge  of  the  methods  of  applying  and  indica-  "  At  the  close  of  the  book  there  ire  a  series 
tions  for  using  electricity  in  the  treatment  of  of  pithy  paragraphs,  giving,  in  plain  language, 
disease,  cannot  find  more  useful  information  the  practical  applications  of  the  different  cur- 
in  a  small  compass  than  is  contained  in  these  rents  to  various  affections,  as  shown  by  the 
lectures.  We  take  pleasure  in  commending  it  personal  experience  of  the  writer,  and  those  of 
to  their  notice." — Canada  Journal  oj" Medical  other  competent  specialists." — Medical  ReC' 
Sciences.  lord. 
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Embryology — Diseases  of  the  Eye. 


Minot,  Charles  Sedgwick,  M.D., 


Assistant  Professor  of  Histology  and  Embryology  in  the  Harvard  Medical  School,  Boston. 

HUMAN    EMBRYOLOGY.     Royal  8vo,  825  pages,  463  illustration' 
Price,  extra  muslin,  $8.00. 


"This  is  the  most  note-worthy  work  in 
English  upon  embryology  that  has  appeared 
since  the  publication  of  F.  M.  Balfour's  well- 
known  Comparative  Embryology.  When  we 
take  into  account  the  innate  difficulties  of  the 
subject,  it  is  amazing  to  find  how  easily  this 
book  can  be  read,  and  how  clearly  the  infor- 
mation is  put.  It  will,  no  doubt,  take  its 
place  as  the  standard  work  on  the  subject 
among  English-speaking  scientists." — Edin- 
burgh Medical  Journal. 

''It  is  practically  impossible  for  any  but  a 
special  student  of  embryology  to  do  justice  to 
this  monument  of  industry.  But  even  the 
general  medical  reader,  who  has  only  a  super- 
ficial knowledge  of  the  subject,  can  appreciate 
the  years  of  steady,  patient  work  that  have 
been  required  to  collect  and  digest  the  mate- 
rial necessary  to  complete  such  an  exhaustive 
treatise.  The  mere  verification  of  the  biblio- 
graphical references  alone  must  have  required 
months  of  research." — Medical  Record. 

' '  It  contains  the  results  of  many  years  of 
labor  by  one  of  the  great  powers  of  observa- 
tion, perfectly  familiar  with  all  technical 
methods,  and  accomplished  in  their  use,  of 
wide  reading,  and  of  indomitable  persever- 
ance. All  these  qualities  are  shown  in  this 
book,  which  at  once  claims  a  place  by  itseif  in 
English  literature.'' — Boston  Medical  and 
Surgical  Journal. 

"  The  historical  sketch  at  the  end  of  many 
of  the  chapters  makes  the  book  of  increased 
value  to  students  of  embryology  as  well  as 
to  others. 


"The  reference  list,  comprising  only  such 
articles  as  were  actually  referred  to  in  the 
course  of  the  book,  covers  thirteen  pages. 
The  illustrations  throughout  are  as  clear  and 
excellent  as  they  are  numerous." — American 
Journal  of  the  Medical  Sciences. 

' '  We  are  certain  that  no  biologist  will  per- 
mit this  opportunity  of  obtaining  such  a 
treatise  to  escape  him.  The  serious  student 
will  also  avail  himself  of  the  opportunity 
which  has  so  generously  been  afforded  by  the 
publishers,  of  possessing  a  work  which  marks 
an  era  in  biological  progress." — St.  Louis 
Medical  and  Surgical  Journal. 

"  This  work  can  scarcely  receive  justice  in 
a  short  review,  for  each  chapter  deserves 
special  mention  and  praise." — Montreal  Medi- 
cal Journal. 

"Biologists  will  find  not  only  the  most 
comprehensive  treatment  of  the  embryologi- 
cal  subjects  properly  so  called,  but  also  of 
many  problems  of  morphology,  phylogeny, 
and  general  biology.  .  .  .  It  is  superbly 
illustrated  by  four  hundred  and  sixty-three 
fine  engravings,  many  of  them  of  the  most 
delicate  character,  mostly  original  with  the 
author,  and  nearly  all  specially  drawn  and  en- 
graved for  this  work." — Columbus  Medical 
Journal. 

"  There  has  been  nothing  hitherto  giving  so 
comprehensive  a  view  of  vertebrate  embry- 
ology, nor  any  book  better  adapted  to  the 
needs  of  the  lecturer  who  wishes  to  brush 
up  his  knowledge  previous  to  presenting  him- 
self before  his  class." — Medical  News. 


Noyes,  Henry  D.,  M.D., 


Professor  of  Ophthalmology  and  Otology  in  Bellevue  Hospital  Medical  College  ;  Executive  Surgeon  to 
the  New  York  Eye  and  Ear  Infirmary  ;  recently  President  of  the  American  Ophthalmological  Soci- 
ety, etc. 

A  TEXT-BOOK  ON  DISEASES  OF  THE  EYE.  Second  revised 
edition.  Royal  octavo,  816  pages,  richly  illustrated  with  chromo- 
lithographic  plates  and  269  engravings.  Price,  bound  in  extra  muslin, 
$6.00  ;  in  sheep,  $7.00. 


"It  is  full  and  elaborate  in  all  matter  of 
practical  importance,  furnishing  to  both  the 
specialist  and  general  practitioner  a  complete 
work  of  reference." — Practice. 

"It  presents  so  many  points  of  superlative 
excellence  that  it  is  difficult  to  select  any  por- 
tion for  special  praise,  and  this  fact,  to  our 
mind,  is  the  highest  eulogy  that  could  be  be- 
stowed upon  its  talented  author." — The  Cali- 
fornia  Homoeopath. 

"  On  the  whole,  we  must  say,  in  justice  to 
ourselves,  to  the  author,  and  to  the  publisher, 
that  it  is  the  best,  neatest,  and  cleanest  text- 
book on  ophthalmology  that  has  been  our 
good  fortune  to  examine."  "  Noyes'  text-book 
stands  first  and  above  all  others." — Buffalo 
Medical  and  Surgical  Journal. 


"  The  book  before  ns  is  a  brilliant  testimo- 
nial of  the  extensive  knowledge,  vast  experi- 
ence, untiring  industry,  and  literary  ability  of 
its  celebrated  author.  It  presents  the  actual 
stand-point  of  ophthalmology  more  complete- 
ly than  any  other  text-book  in  the  English 
language." — Khapp's  A  rchives. 

"  This  is  the  most  complete  and  systematic 
treatise  upon  the  diseases  of  the  eye  that  has 
yet  been  written  by  an  American." — North- 
%uestern  Lancet. 

"The  entire  treatise  is  pervaded  by  the 
spirit  of  an  extended  experience.  It  is  con- 
stantly evident  that  the  pen  is  wielded  by 
one  who  lias  seen  and  is  familiar  with  the 
things  of  which  he  writes." — Therapeutic 
Gazette. 
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Diseases  of  the  Eye — Fevers. 
Mauthner,  Ludwig, 

Il< i\:il  Profesaor  of  iho  University  of  Vienna. 

THE  SYMPATHETIC  DISEASES  OF  THE  EYE.  Translated 
from  the  German  by  Warrkn  Webster,  M.D.,  James  A.  Spauld- 
ing,  M.D.     One  volume,  121110,  220  pages,  muslin.     1'rice,  $2.00. 

Knies,  Dr.  Max. 

THE  EYE  AND  ITS  DISEASES,  IN  RELATION  TO  THE 
DISEASES  OF  OTHER  ORGANS.  Translated  and  edited  by 
H.  D.  Noyes,  M.D.     (In  Press.) 

Roosa,  D.  B.  St.  John,  M.D.,  and  Ely,  Edward  T.,  M.D. 

OPHTHALMIC  AND  OTIC  MEMORANDA.  One  volume,  321110, 
298  pages,  muslin.  Price,  $1.00.  (Wood's  Pocket  Manuals.)  Fourth 
edition. 

"  It  must  prove  an  extremely  useful  work  to  ;  "  As  a  concise  treatise  on  the  diseases  of  the 
general  practitioners,  containing,  as  it  does,  eye  and  ear.  the  'Memorandum'  is  all  that 
the  cream  of  the  subject." — Clinic.  could  be  desired.    It  fulfils  all  that  its  authors 

"This  small  book,  though  containing  only    promise." — Western   Lancet. 
230  pages,  gives  most  of  the  important  points         "  We  have  rarely  seen  so  small  a  book  em- 
in  both  ophthalmology  and  otology.     Its  style    bracing    so    much."—  Philadelphia    Medical 
is  very  concise,  though  not  devoid  of  clear-  j  Times. 
ness." — Lancet  and  Observer.  I 

TEXT-ROOK  OF  DISEASES  OF  THE  EYE.  (American  Series 
of  Medical  Text-Books.)     (In  Press.) 

Schmidt-Rimpler,  Dr.  Herman, 

Professor  of  Ophthalmology  and  Diseases  of  the  Ophthalmoscopic  Clinic  at  Marburg,  Germany. 

OPHTHALMOLOGY  AND  OPHTHALMOSCOPY.  A  Complete 
Treatise  upon  Diseases  and  Injuries  of  the  Eye,  for  Students  and 
Practitioners  of  Medicine.  Revised  and  edited  by  D.  B.  St.  John 
Roosa,  M.D.,  Professor  of  Diseases  of  the  Eye  and  Ear  in  the  New 
York  Post-Graduate  Medical  School  ;  Surgeon  to  the  Manhattan 
Eve  and  Ear  Hospital,  etc.  Royal  octavo,  571  pages,  illustrated  by 
183  wood-engravings,  and  by  three  colored  plates.  Price,  extra 
muslin,  $6.00. 

Stellwag  (von  Carion),  Dr.  Carl, 

Professor  of  Ophthalmology  in  the  Imperial  Royal  University  of  Vienna. 

TREATISE  ON  THE  DISEASES  OF  THE  EYE,  INCLUDING 
THE  ANATOMY  OF  THE  ORGAN.  One  volume,  imperial 
8vo,  915  pages,  illustrated  by  wood  engravings.  Price,  muslin,  $5.00  ; 
leather,  $6.00.  This  work  is  nearly  "out  of  print,"  and  the  few- 
copies  remaining  have  no  colored  plates. 

Moore,  John  William. 

A    TEXT-BOOK     OF    THE     ERUPTIVE    AND     CONTINUED 

FEVERS.     Svo,  535  pages.     Illustrated  with  lithographic  plates  and 
temperature  charts.     Price,  $4.00. 
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Fevers — Gynecology. 


Wilson,  James  C,  M.D., 


Attending  Physician  to  the  Philadelphia  Hospital,  and  to  the  Hospital  of  the  Jefferson  Medical  College* 
and  Lecturer  on  Physical  Diagnosis  at  the  Jefferson  Medical  College,  Fellow  of  the  College  of  Phy- 
sicians, Philadelphia,  etc. 

A   TREATISE    ON    THE  CONTINUED   FEVERS.     With  an  intro- 
duction by  J.  M.  Da  Costa,  M.D.     Sold  only  by  subscription. 


Chrobak,  C,  and  Grandin,  E.  H. 

EXAMINATIONS  OF  THE  FEMALE  GENITALS.    8vo,  300  pages. 
Subscription. 


Fritsch,  H. 

THE  DISEASES  OF  WOMEN.     8vo,  355  pages.     (Wood's  Library.) 
Subscription. 


Grandin,  Egbert  H.,  M.D., 


Chairman  Section  on  Obstetrics  and  Gynecology.  New  York  Academy  of  Medicine;  Obstetric  Surgeon, 
New  York  Maternity  Hospital ;  Obstetrician,  New  York  Infant  Asylum,  etc.  ;  and 


Gunning,  Josephus  H.,  M.D., 


Instructor  in  Electro-Therapeutics,  New  York  Post-Graduate  Medical  School  rind  Hospital ;  Gynecologist 
to  Riverview  Rest  for  Women  ;  Eiectro-Gynecologist,  Northeastern  Dispensary,  etc. 

PRACTICAL  TREATISE  ON  ELECTRICITY  IN  GYNECOLOGY. 

Illustrated.     8vo,  180  pages,  muslin.     Price,  $2.00. 


"  The  authors  of  the  work  before  us  are  en- 
titled to  the  credit  of  having  prepared  the  best 
treatise  that  has  appeared  up  to  the  present 
time,  in  this  country,  on  the  subject  of  its 
title." — Buffalo  Medical  and  Surgical  Jour- 
nal. 

"It  comprises  the  gist  of  the  subject  from 
all  credible  sources,  is  abundantly  illustrated 
with  excellent  cuts  of  instruments  and  oper- 


ative procedures,  and  is  gotten  up  in  the  ex- 
cellent style  common  to  the  publishers." — 
The  Sanitarian. 

"  One  can,  from  this  work,  learn  all  that 
is  needed  to  successfully  apply  this  agent  in 
gynecological  practice."- — The  California  Ho- 
moeopath. 

"  No  physician  who  has  a  battery  should  be 
without  it." — California  Medical  Journal. 


Hegar,  A.,  and  Kaltenbach,  R. 


A  HANDBOOK   OF  GENERAL   AND  OPERATIVE  GYNECOL- 
OGY.    8vo,  Vol.  I.,  352  pages;  Vol.  II.,  354  pages.     Subscription. 


Muller,  P.,  and  Borner,  E., 

STERILITY.  ERRORS  OF  DEVELOPMENT  OF  THE  UTERUS. 
ON  CHANGE  OF  LIFE  IN  WOMEN.  8vo,  383  pages.  Sub- 
scription. • 
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Gynecology — Histology. 
Hart,  D.  Berry,  M.D., 

Lecturer  on  Midwifery  and  Diseases  of  Women,  School  of  Medicine,  Edinburgh,  etc.,  etc.  ;  and 

Barbour,  A.  H.,  M.D., 

Assistant  to  the  Professor  of  Midwife!'}',  University  of  Edinburgh. 

MANUAL  OF  GYNECOLOGY.  Volume  I.  Illustrat.  d  with  eight 
plates,  two  of  which  are  in  colors,  and  one  hundred  and  ninety-two 
tine  wood-engravings.     Sold  only  by  subscription. 

Volume  II.  Illustrated  with  a  lithographic  plate  and  two  hundred  and 
nine  fine  wood-engravings.     Sold  only  by  subscription. 


Olshausen,  R. 

DISEASES  OF  THE  OVARIES.    8vo,  414  pages.     Illustrated.     Sub- 
scription. 


Skene,  Alexander  J.  C,  M.D., 

Professor  of  the  Diseases  of  Women  in  the  Long  Island  College  Hospital ;  Fellow  of  the  American  Gyne- 
cological Society  :  Corresponding  Member  of  the  Gynecological  Society  of  the  County  of  Kings, 'and 
of  the  Obstetrical  Society  of  New  York. 

DISEASES  OF  THE  BLADDER  AND  URETHRA  IN  WOMEN. 
Second  revised  edition.  8vo,  374  pages,  illustrated,  muslin.  Price, 
$3.00. 


Tait,  Lawson,  M.D. 

DISEASES  OF  WOMEN.  A  new  edition,  with  considerable  additions, 
prepared  by  the  Author  expressly  for  Wood's  Library.  This  very 
compact,  useful  book  makes  a  volume  of  204  pages,  with  illustrations. 
Sold  only  by  subscription. 


Tilt,  Edward  John,  M.D. 

A  HANDBOOK  OF  UTERINE  THERAPEUTICS  AND  DIS- 
EASES OF  WOMEN.  Fourth  edition.  Sold  only  by  subscrip- 
tion. 


Miller,  Maurice  N.,  M.D. 

See  page  18. 

Moullin,  C.  W.  Mansell. 

SPRAINS,  THEIR  CONSEQUENCES  AND  TREATMENT.  (Re- 
print  from  Medical  and  Surgical  Monographs.)  8vo,  221  pages, 
parchment  muslin.      Price,  $1.50. 
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Hygiene — Jurisprudence — Joints  and  Kidneys. 
Buck,  A.  H.,  M.D. 

A    TREATISE    ON    HYGIENE    AND    PUBLIC    HEALTH.       By 

various  authors.  Edited  by  Albert  H.  Buck,  M.D.,  New  York. 
In  two  volumes,  royal  8vo,  702  and  657  pages.  Illustrated  by 
numerous  wood-engravings.  (Subscription.)  Price,  per  volume,  in 
muslin  binding,  $5.00;  in  leather,  $6.00;  and  in  morocco,  $7.50. 


Parkes,  E.,  M.D. 

A  MANUAL  OF  PRACTICAL  HYGIENE.  Edited  by  F.  S.  B. 
Francois  de  Chaumont,  M.D.  Sixth  edition.  With  an  Appendix. 
Giving  the  American  practice  in  matters  relating  to  hygiene.  Pre- 
pared by  and  under  the  supervision  of  Frederick  N.  Owen,  Civil 
and  Sanitary  Engineer.  Two  volumes  in  one,  8vo,  946  pages.  Il- 
lustrated with  nine  full-page  plates,  and  fine  wood-engravings,  muslin 
binding.     Price,  $5.00. 


Barwell,  Richard,  F.R.C.S., 

Surgeon  Charing-Cross  Hospital,  etc. 

A   TREATISE   ON    DISEASES    OF  THE   JOINTS.     Illustrated  by 
numerous  engravings  on  wood.     Sold  only  by  subscription. 


Witthaus,  R.  A.,  M.D.,  and  Becker,  T.  C,  Esq. 

MEDICAL  JURISPRUDENCE  AND  TOXICOLOGY.  Four  vol- 
umes, 8vo,  bound  in  cloth  and  leather,  at  $5.00  and  $6.00  respec- 
tively.    Subscription.     (See  page  65.) 


Dickinson,  W.  Howship,  M.D.,  Cantab., 

Fellow  of  the  Royal  College  of  Physicians  ;  Physician  to  St.  George's  Hospital ;  Senior  Physician  fco  the 
Hospital  for  Sick  Children  ;  Corresponding  Member  of  the  Academy  of  Medicine  of  New  York. 

ON  RENAL  AND  URINARY  AFFECTIONS.  This  volume  con- 
cludes the  work  of  which  the  volume  on  Albuminuria,  published  in 
Wood's  Library  for  i88j,  is  the  first  part.  Sold  by  subscription 
only. 


Porter,  William  Henry,  M.D., 

Professor  of  Clinical  Medicine  and  Pathology  in  the  New  York  Post-Craduate  Medical  School  and  Hos- 
pital ;  Curator  to  the  Presbyterian  Hospital. 

A  PRACTICAL  TREATISE  ON  RENAL  DISEASES  AND  URI- 
NARY ANALYSIS.  360  pages,  one  hundred  illustrations.  Price, 
extra  muslin,  $3.00. 
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Diseases  of  the  Kidneys  and  Liver. 


Frerichs,  Dr.  Fried.  Theod. 

A  CLINICAL  TREATISE  ON  DISEASES  OF  THE  LIVER. 
Translated  by  Charles  Murchison,  M.I).  In  three  volumes,  8vo. 
Illustrated  by  a  full-page  plate  and  numerous  wood-engravings. 
Sold  only  by  subscription.     See  second  page  of  cover. 


Millard,  H.  B. 

A  TREATISE  ON  BRIGHT'S  DISEASE  OF  THE  KIDNEYS; 
ITS  PATHOLOGY,  DIAGNOSIS,  AND  TREATMENT.  Third 
edition,  revised  and  enlarged.  8vo,  322  pages,  numerous  original 
illustrations,  extra  parchment  muslin.     Price,  $3.00. 


"It  is  rare  that  we  find  a  book  so  evidently 
the  result  of  careful,  original  study,  so  fresh 
from  the  bedside,  we  may  say,  as  the  one  be- 
fore us." — Medical  and  Surgical  Reporter. 

"  Few  books  come  upon  our  table  which  re- 
ceive greater  attention  than  tlr.s  one.  It  is 
wed  worth  a  careful  study  by  those  who  desire 
to  become  acquainted  with  the  morbid  condi- 
tion of  the  kidneys." — Medical  Bulletin. 

"Of  the  many  books  that  have  been  written 
on  special  subjects  within  the  last  few  years,  we 
have  have  met  with  no  one  that  has  given  so 
much  satisfaction  as  that  before  us.  From 
tiie  beginning  to  the  end  the  book  before  us  is 
like  an  egg,  in  that  it  is  full  of  meat,  so  good 
that  we  cannot  give  preference  of  one  part  to 
another.    It  is  a  book  every  young  practitioner 


should  have  in  his  library,  not  only  to  be  on 
its  shelves,  but  to  be  read  and  studied." — The 
Therapeutic  Gazette. 

"It  is  somewhat  a  relief  to  now  and  then 
chance  upon  a  new  book  not  born  of  scissors, 
with  its  fragments  stuck  together  by  a  more 
or  less  adhesive  cement  of  supposition.  No 
one  can  rise  from  its  perusal  without  conced- 
ing to  it  the  marks  of  thoughtful  arrangement, 
of  clearness,  and  conscientious  labor.  These 
characters  have  been  officially  recognized  in 
authoritative  quarters  already.  The  work  is 
a  timely  one.  Its  concise,  practicable  direcl 
tions  for  chemical  examinations,  and  its  sug- 
gestions as  to  climate  and  various  minera- 
waters,  are  of  no  minor  value.'* — New  York 
Mid kal  Times. 


Stewart,  T.  Grainger,  M.D.,  F.R.S.E., 


Fellow  of  the  Royal  College  of  Physicians  :  Physician  to  the  Royal  Infirmary  ;  Lecturer  on  Clinical  Med- 
icine; formerly  Pathologist  to  the  Royal  Infirmary ;  Lecturer  in  General  Pathology  at  Surgeons' 
Hall,  and  Physician  to  the  Royal  Hospitr.l  for  Sick  Children  ;  Extraordinary  Member  and  formerly 
President  of  the  Royal  Medical  Society  of  Edinburgh. 

CLINICAL    LECTURES    ON    ALBUMINURIA.      8vo,    261   pages, 
extra  muslin.     Price,  $2.25. 


"His  chapter  upon  Cystical  Albuminuria,  a 
subject  of  so  much  present  consideration  on 
the  part  of  investigators  in  this  special  depart- 
ment of  medicine,  must  needs  be  read  in  its 
entirety  to  be  appreciated.  His  remarks  upon 
the  therapy  of  Albuminuria  are  full  of  wise, 
practical  suggestions,  the  direct  results  of  a 
wide  clinical  experience." — Medical  Register, 
Philadelphia. 


"The  book  comprises  the  author's  lectures 
delivered  at  various  times  during  the  past  two 
years,  and  is  a  very  clear  exposition  of  a  very 
important  subject.  .  .  .  Albuminuria,  from 
every  cause,  is  fully  discussed  and  the  treat- 
ment given.  An  excellent  list  of  references 
is  appended." — Maryland  Medical  Journal, 
Baltimore. 


A  PRACTICAL  TREATISE  ON  BRIGHT'S  DISEASE  OF  THE 
KIDNEYS.  One  volume,  8vo,  334  pages,  illustrated  with  seven 
lithographic  plates,  cloth.     Price,  $4.50. 


"This  is  a  valuable  contribution  to  the 
study  of  a  class  of  diseases  which  has  enlisted 
a  great  amount  of  laborious  investigation  dur- 
ing the  last  twenty  or  thirty  years.  It  is  an 
original  work,  illustrated  with  plates,  exhibit- 
ing very  impressively  the  morbid  changes 
which  the  kidneys  undergo  iu  the  various  and 


distinct  forms  with  which  the  name  of  Bright 
is  inseparably  and  honorably  associated.  .  .  . 
"The  subject  throughout  is  handled  by  a 
master  mind.  To  the  general  practitioner, 
and  especially  to  those  interested  in  diseases 
of  the  kidneys,  the  work  is  invaluable." — 
Pacific  Medical  and  Surgieal  Journal. 
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Materia  Medica,  etc. 
Fliickiger,  A.,  Ph.D.,  M.D., 

Professor  in  the  University  at  Strassburg ;  and 

Tschirch,  Alex.,  Ph.D., 

Lecturer  on  Botany  and  Pharmacopnosy  in  the  University  of  Berlin. 

THE  PRINCIPLES  OF  PHARMACOGNOSY.  An  Introduction  te 
the  Study  of  the  Crude  Substances  of  the  Vegetable  Kingdom. 
Translated  from  the  second  and  completely  revised  German  editiun 
by  Frederick  B.  Power,  Ph.D.,  Professor  of  Materia  Medica  and 
Pharmacy  in  the  University  of  Wisconsin.  8vo,  extra  muslin,  310 
pages,  one  hundred  and  eighty-six  illustration?.     Price,  $3.00. 

"The  subject  matter  of  the  work,  the  lucid 
and  attractive  manner  of  its  treatment,  the 
literary  references,  and  the  handsome  illustra- 
tions, 186  in  number,  all  combine  to  make  the 
work  a  most  valuable  one  for  the  study  of 
vegetable  histology,  preliminary  to  that  of  ma- 
teria medica." — American  Journal  of  Phar- 
macy. 

May,  Charles  H.,  M.D., 

Instructor  in  Ophthalmology,  New  York  Polyclinic  ;  and 

Mason,  Charles  F.,  M.D., 

Late  Assistant  Surgeon,  U.S.A. 

AN  INDEX  OF  MATERIA  MEDICA.  With  Prescription  Writing, 
including  Practical  Exercises.  Muslin,  price,  $1.00.  (Wood's 
Pocket  Manuals.) 

Oldberg,  Oscar,  Ph.D., 

Member  of  the  Committee  of  Revision  of  the  Pharmacopoeia  of  the  United  States  ;  Author  of  vhe  "  Un- 
official Pharmacopoeia,"  "  The  Metric  System  in  Medicine,"  etc.  ;  formerly  Medical  Purveyor  of  tho 
United  States  Marine  Hospital  Service  ;  and  Professor  of  Materia  Medica  in  the  National  College 
of  Pharmacy,  Washington,  D.  C,  etc. ;  and 


American  pharmacy  can  well  be  congratu- 
lated upon  the  addition  of  this  work  to  its 
literature,  and  the  modest  wish  of  the  trans- 
lator, that  it  may  receive  the  appreciation 
which  it  merits,  should  certainly  meet  with  a 
hearty  and  spontaneous  reponse. — Pharma- 
ceutische  liundschau. 


Wall,  Otto  A.,  M.D.,  Ph.G., 

Professor  of  Materia  Medica,  The' apeutics,  and  Pharmacy  in  the  Missouri  Medical  College,  and  of 
Materia  Medica  and  Botany  in  the  St.  Louis  College  Pharmacy  ;  Member  of  the  Committee  of 
Revision  of  the  Pharmacopoeia  of  the  United  States,  etc. 

A  COMPANION  TO  THE  UNITED  STATES  PHARMACOPOEIA. 

Second  edition.     Being  a  Commentary  on  the  Latest  Edition  of  the 
Pharmacopoeia,  and  containing  the  Descriptions,  Properties,  Uses, 
and  Doses  of  all  Official  and  numerous  Unofficial  Drugs  and  Prepa- 
rations in  current  use  in  the  United  States,  together  with  Practical 
Hints,  Working  Formulas,  etc.,  designed  as  a  ready  reference  book 
for  Pharmacists,  Physicians,  and  Students,  with  over  300  original  Il- 
lustrations.    Price,  in  cloth,  $5.00 ;  in  leather,  $6.00. 
$5gr*  The  "  Companion  to  the  United  States  Phakmacopceia  "  gives   succinctly  the 
name,  synonyms  (including  all  common  or  local  English,  together  with  the  German,  French, 
Spanish,  and  Swedish  names),  origin,  habitat,  description,  varieties,  substitutions,  adultera- 
tions, common  defects,  marks  of  quality,  properties,  uses  and  doses  of  all  the  drugs  and  chem- 
icals of  which  it  treats,  and  under  each  drug  or  chemical  will  be  described  its  several  prepara- 
tions, with  formulas  for  making  these. 

All  formulas  given  are  in  definite  quantises,  solids  by  weight,  and  liquids  generally  by 
measure,  the  official  formulas  (in  parts  by  weight)  having  been  translated  accurately  according 
to  the  same  plan. 

The  book  thus  perves  as  a  key  and  companion  to  the  Pharmacopoeia.  It  gives  only  such 
information  as  pharmacists  and  physicians  most  frequently  have  occasion  to  put  to  practical 
use  in  their  daily  vocations,  and  hence  botanical  descriptions  of  plants,  except  of  the  parts 
seen  in  drugs,  chemical  processes,  accounts  of  the  physiological  actions  of  medicines,  etc.,  are 
omitted,  and  the  articles  treated  of  have  been  considered  rather  with  reference  to  actual  con- 
ditions and  requirements  of  the  trade  and  the  practice  of  the  professions  concerned  than  from 
the  standpoint  of  a  text-book. 
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Materia  Medica,  etc. — Microscopy. 
Phillips.  Charles  D.  F.,  M.D.,  F.R.C.S.E  , 

Lecturer  on  materia  Medics,  Westminster  Eospitrfl,  London. 

MATERIA  MEDICA  AND  THERAPEUTICS.  Inorganic  Sub- 
stances. Adapted  to  the  United  States  Pharmacopoeia  by  Lau- 
rence Johnson,  M.D.  Volumes  I.  and  l\.  Sold  only  by  sub- 
scription. 

MATERIA  MEDICA  AND  THERAPEUTICS.  Vegetable  Kingdom. 
Revised  and  adapted  to  the  U.  S.  Pharmacopoeia  by  Henry  G.  Pif- 
fard,  A.M.,  M.D.,  Professor  of  Dermatology,  University  of  the  City 
of  New  York.  This  practical  book  forms  a  volume  in  this  series  of 
327  pages.     Sold  by  subscription  only.     See  second  page  of  cover. 

Piffard,  Henry  G.,  A.M.,  M.D., 

MATERIA    MEDICA    AND    THERAPEUTICS    OF    THE    SKIN. 

Sold  only  by  subscription. 

Roth  (Otto). 

THE  MATERIA  MEDICA  OF  MODERN  MEDICINE.  Trans- 
lated from  the  German  Edition  and  adapted  to  the  U.  S.  Pharmaco- 
poeia.    Octavo,  350  pages,  brown  parchment  muslin.     Price,  $2.00. 

Carpenter,  Wm.  B„  C.B.,  M.D.,  LL.D. 

THE  MICROSCOPE  AND  ITS  REVELATIONS.  Svo.  Vol.  I., 
388  pages;  Vol.  II.,  354  pages.  One  colored,  twenty-six  plain 
plates,  and  five  hundred  and  two  wood-engravings.  Two  volumes  in 
one.      Muslin.     Price,  $4.00. 

Frey,  Heinrich, 

Professor  of  Medicine  in  the  University  of  Zurich. 

THE  MICROSCOPE  AND  MICROSCOPICAL  TECHNOLOGY. 
A  Text-book  for  Physicians  and  Students.  Translated  and  Edited 
by  Geo.  R.  Cutter,  M.D.,  Surgeon  New  York  Eye  and  Ear  Infirm- 
ary ;  Ophthalmic  and  Aural  Surgeon  to  the  St.  Catherine  and  Wil- 
liamsburg Hospitals,  etc.,  etc.  Illustrated  by  three  hundred  and 
eighty-eight  engravings  on  wood.  One  volume,  Svo,  660  pages. 
Price,  muslin,  $6.00;  or  colored  leather,  $7.00. 

"A   complete  exposition    of    the    subject,  !       "Those  who  are  familiar  with  Frey's  admi- 

thoroughly    indispensable    to    the    practical  rable  manual  will  feel  grateful  to  Dr.  Cutter 

microscopisfc. " — Chicago  Medical  Journal.  tor  his  very  readable  translation,  which  ena- 

"  The  work  is  presented  very  modestly,  yet  bles  our  American  and  English  .--tudents  who 

we  find  it  not  only  very  accurate  in  all  its  de-  are  unacquainted  with  the  German  tongue  to 

tails  of  process,  but  complete  as  regards  rarie-  participate  in  the  instructions  of  the  renowned 

ty  of  topics  treated.     The  condensed  style  of  Zurich  professor.     These  directions  for  inves- 

the  author,  the  fairness  of  his  nature,  together  tigation  possess  an  especial  value  to  the  Amer- 

with  his  understanding  of  histology,  permit  ican    observer,    on    account    of    the    explicit 

an  unbiassed  discussion  of  nearly  all  questions  manner  in  which  are  described  the  manifold 

of  microscopic  anatomy,  and  many  of  obscure  improved  methods  of  demonstrating  the  vari- 

pathology.     The  rules  for  testing  and  select-  ous  structures   in   their    healthy  fr  diseased 

ing  an  instrument  are  especially  valuable  to  conditions.    To  sum  up  all,  we  think  that  this 

one  about  to  purchase." — Xew  York  Jourwd  handsome  volume  is  one  which  the  working 

of  Medicine.  microscopist  cannot  afford  to  do  without." — 

Philadelphia  Mtdical  Times. 
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Microscopy — Diseases  of  the  Nervous  System. 


A  Course   of  Normal   Histology  for 
Medicine.     Octavo,  217  pages.     Price, 

'  We  know  of  no  book  equal  to  this  for  stu 
dents  who  wish  to  talcs  up  the  study  of  histology 
during  vacation,  or  for  practitioners  who,  having 
had  no  laboratory  advantages  during  pupilage 
nor  time  now  to  devote  to  work  in  post-graduate 
schools,  still  desire  to  gain  some  knowledge  of 
microscopy  for  its  practical  uses.  The  book  as- 
sumes that  the  reader  has  a  f air  knowledge  of 
gross  anatomy,  but  knows  nothing  of  histology. 
The  illustrations  are  fine  and  are  decidedly  re- 
freshing, in  that  they  ar?  out  of  the  stereotyped 
assortment  which  have  done  service  for  so  many 
years  in  other  publications.  —  Columbus  Medical 
Journal. 


Miller,  Maurice  N.,  M.D. 

PRACTICAL  MICROSCOPY. 
Students  and  Practitioners  of 
extra  muslin,  $2.00. 

"  This  book  we  would  commend  most  highly. 
There  is  no  want  of  excellent  books  on  the  same 
subject,  but,  as  a  rule,  they  an  adapted  for  tne 
advanced  student  and  skilled  microscopist.  The 
majority  of  doctors  who  have  microscopes,  how- 
ever, have  not  had  the  advantages  of  modern 
laboratory  training,  and  to  them  a  work  which 
gives  the  processes  for  the  preparation  and  ex- 
hibition of  tissues,  which  ar?  simple  and  prac- 
tical and  free  from  details  of  technique  applica- 
ble only  to  the  expert,  will  be  of  great  service. 
Again,  the  work  differs  from  many  more  preten- 
tious works,  in  that  the  illustrations,  which  are 
numerous,  are  mostly  original,  being  from  tho 
author's  pen  drawings."— Buffalo  Medical  and 
Surgical  Journal. 

Blandford,  G.  F„  M.D.  Oxon. 

INSANITY  AND  ITS  TREATMENT.  Lectures  on  the  Treatment, 
Medical  and  Legal,  of  Insane  Patients.  Third  edition.  To  which 
is  added  Types  of  Insanity,  an  Illustrated  Guide  in  the  Physical 
Diagnosis  of  Mental  Disease,  by  Allan  McLane  Hamilton,  M.D., 
one  of  the  Consulting  Physicians  to  the  Insane  Asylums  of  New 
York  City  and  the  Hudson  River  State  Hospital  for  the  Insane.  Il- 
lustrated by  ten  plates  from  photographs  of  cases  selected  as  types, 
with  descriptive  text.     Sold  only  by  subscription. 

Bramwell,  B. 

DISEASES  OF  THE 
subscription. 

Bana,  Charles  L.,  A.M.,  M.D ., 

Professor  of  Nervous  and  Mental  Diseases  in  the  New  York  Post-Graduate  Medical  School,  and  in  Dart- 
mouth Medical  College  ;  Visiting  Physician  to  Bellevue  Hospital,  etc. 

TEXT-BOOK  OF  NERVOUS  DISEASES.  Being  a  Compendium  for 
the  Use  of  Students  and  Practitioners  of  Medicine.  Third  edition. 
(American  Series  of  Medical  Text-Books.)  8vo,  551  pages,  210 
illustrations.     Price,  $3.25. 


BRAIN  AND  SPINAL  CORD.    Sold  only  by 


'  "  Dr.  Dana  has  given  us  the  fullest,  the  most 
concise,  and  altogether  the  best  manual  on 
nervous  diseases  that  has  yet  appeared,  not 
only  for  the  student  and  the  general  practi- 
tioner, but  also  for  the  specialist.  It  has 
stood  the  test  for  the  past  two  months  of  be- 
ing the  first  book  consulted  on  doubtful  points 
arising  in  actual  work,  and  it  has  seldom,  if 
ever,  failed  to  be  a  useful  guide. " — Boston 
Medical  and  Surgical  Journal. 

"Of  all  the  American  works  on  neurology 
this  impresses  us  most  favorably." — Thera- 
peutic Gazette. 

"  It  can  be  said,  and  with  truth,  that  it 
would  be  difficult  to  recommend  a  more  suit- 
able volume  to  one  who  is  desirous  of  getting 
a  sound,  comprehensive  knowledge  of  neu- 
rology, and  that  fully  abreast  with  the  times. 
The  book  is  a  credit,  not  alone  to  the  author, 
but  to  American  neurologists." — Journal  of 
Nervous  and  Mental  Diseases. 

"  This  is  really  a  text-book,  well  deserving 
the  name  and  written  with  a  most  careful  eye 
to  the  needs  of  the  student.  The  descriptions 
are  all  as  brief  as  clearness  will  allow,  and  it 
is  thus  possible  to  cover  the  whole  range  of 


diseases  of  the  nervous  system  in  a  volume  of 
very  moderate  size." — Northwestern  Lancet. 

"  The  work  before  us  is  one  well  worthy  of 
commendation,  and  as  far  as  its  limits  will 
permit  represents  in  a  condensed  form  the 
state  of  our  knowledge  of  diseases  of  the  ner- 
vous system."  —  Medical  and  Surgical  Re- 
porter. 

"  For  the  physician  in  general  practice,  and 
for  the  student  in  college,  we  know  of  no  sin- 
gle volume  on  nervous  diseases  that  will  give 
him  so  much  information,  and  in  so  concise  a 
manner,  as  the  above  work." — Western  Medi- 
cal Reporter. 

"The  work  is  not  a  mere  sketch;  in  fact, 
its  encyclopaedic  fulness  is  marvellous,  and 
even  debatable  points  that  might  be  fairly 
omitted  without  detriment  to  the  projected 
plan  of  the  work  are  presented  together  with 
the  author's  own  views  thereon.  We  warmly 
recommend  the  book  to  the  student  and  eren- 
eral  practitioner." — Journal  of  Homoeopathy. 

"Considering  the  scope  and  aims  of  this 
compendium,  it  may  be  safely  said  to  be  the 
best  American  production  in  the  field  of  to- 
day."— New  York  Therapeutic  Review. 
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Eichhorst,  Dr.  Hermann, 

Professor  of  Speeds]  Pathology  and  Therapeutics  and    Director  of  the  University  Medical  Clinic  in 
Zurioh. 

DISEASES  OF  THE  NERVES,  MUSCLES,  AND  SKIN.  Illus- 
trated by  one  hundred  and  fifty-seven  fine  wood-engravings.  Being 
Volume  III.  of  the  "Handbook  of  Practical  Medicine."  Sold  by 
subscription  only. 

Erichsen,  John  Eric,  F.R.S., 

Surgeon  Extraordinary  to  the  Queen;  Emeritus  Professor  of  Clinical  Snnrery  in  Univer  Ity  C  dlcge 

and  Consulting  Surgeon  to  the  Hosp  tal :  Ex-Presid(  nl  of  the  Royal  College  oi     :      I  Bn& 

land,  and  <>f  the  Royal  Medical  and  Chirurgieal  Soc  ety,  ete. 

ON  CONCUSSION  OF  THE  SPINE,  NERVOUS  SHOCK,  AND 
OTHER  OBSCURE  IN|URIES  OF  THE  NERVOUS  SYS- 
TEM  IN  THEIR  CLINICAL  AND  MEDICO-LEGAL  AS- 
PECTS.    One  volume,  8vo,  162  pages,  muslin.     Price,  $1.25. 

Gowers,  W.  R.,  M.D., 

Assistant  Professor  of  Clinical  Medicine  in  University  College  ;  Senior  Assistant  Physician  to  Univer- 
shy  College  Hospital  ;   Physician  to  the  National  Hospital  fur  the  Paralyzed  and  Epileptic 

EPILEPSY  AND  OTHER  CHRONIC  CONVULSIVE  DISEASES. 
Their  Causes,  Symptoms,  and  Tieatment.  Sold  by  subscription 
only.     See  page  53. 

DIAGNOSIS  OF  THE  DISEASES  OF  THE  BRAIN  AND 
SPINAL    CORD.     Sold  by  subscription  only. 

Kirchhoff,  Dr.  Theodore, 

Physician  to  the  Schleswig  [nsane  Asylum  and  Privntdocent  at  the  University  of  Kiel. 

HANDBOOK  OF  INSANITY  FOR  PRACTITIONERS  AND 
STUDENTS.  (Medical  Practitioner's  Library.)  Illustrated  with 
eleven  plates.  8vo,  362  pages.  Price,  elegantly  bound  in  maroon 
parchment  muslm,  $2.75  ;  in  flexible  leather,  gilt  top,  $3  50.  Sent, 
post-paid,  on  receipt  01  price. 


"  The  perusal  of  the  work  is  a  treat  to  one 
who  seeks  light  on  such  a  difficult  branch  of 
medicine." — The  Hahnemannian  Monthly. 

"  This  is  a  work  of  great  practical  utility  to 
the  profession,  and  well  represents  the  scien- 
tific views  of  the  day." — Virginia  Medical 
Monthly. 

"  Exactness  of  statement  in  particular  facts 
as  well  as  in  generalization,  rather  than  the 
great  originality  of  his  ideas  or  the  elaborate- 
ness of  his  analysis,   makes  his  book  one  of 


and  to  the  specialist." — The  Archives  of  Gyne- 
cology. 

"This  handbook,  besides  being  highly  in- 
structive, is  one  of  the  most  entertaining  works 
in  the  literature  of  insanity."—  Tht  Ann  rican 
Practitioner  and  X<  ws. 

"Dr.  KirchhofTs  book  has  all  the  merits 
that  belong  to  German  thoroughness  combined 
with  American  lucidity.  One  defect  only  do 
we  note — the  work  is  so  admirably  rendered  in 
English  that  the  translator's  name   ought   in 


great  value  both  to  the  general  practitioner  ]  justice  to  have  been  given. " — The  Hbspi    'I. 

Macfarlane,  A.  W.,  M.D., 

Fellow  of  the  Royal  College  of  Physicians,  Edinburgh  ;  Fellow  of  the  Royal  Medical  and  Chirurgieal  So- 
ciety of  London  ;  Examiner  in  Medical  Jurisprudence  in  the  University  of  Glasgow,  etc. 

INSOMNIA    AND    ITS  THERAPEUTICS.     8vo,  302  pages,  muslin. 
Price,  $1.75. 

Page,  Herbert  W. 

See  page  38. 
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Diseases  of  the  Nervous  System — Obstetrics. 


Putzel,  L.,  M.D., 

Visiting  Physician  for  Nervous  Diseases,  Randall's  Island  Hospital  ;  Physician  to  the  Class  for  Nervous 
Diseases.  Bellevue  Hospital  Out  door  Department  ;  and  Pathologist  to  ttie  Lunatic  Asylum,  Black- 
well's  Inland. 

A  TREATISE  ON  COMMON  FORMS  OF  FUNCTIONAL 
NERVOUS  DISEASES.     Sold  only  by  subscription. 

Eoose,  R.,  Edinburgh. 

NERVE  PROSTRATION.  Second  edition.  Post  8vo,  671  pages. 
Price,  $4.50. 

Sachs,  B.,  M.D. 

ON    THE    NERVOUS    DISEASES    OF    CHILDREN.     (In  Press.) 

Starr,  M.  Allen,  M.D.,  Ph.D. 

Professor  of  Diseases  of  the  Mind  and  Nervous  System  ;  College  of  Physicians  and  Surgeons,  New  York . 

FAMILIAR  FORMS  OF  NERVOUS  DISEASE.  With  Illustrations, 
Diagrams,  and  Charts.  Octavo,  350  pages.  Parchment  muslin. 
Price,  $3.00. 

"  This  book  is  just  what,  the  general  practi- 
tioner wants.  It  is  not  a  treatise  on  nervous 
diseases.  It  is  a  clinical  study  of  the  more 
familiar  forms  of  nervous  diseases  met  with 
every  day.  The  author  has  made  the  work 
most  practical  and  interesting." — Practice. 

"  The  data  have  been  selected  exclusively 
from  American  sources,  and  we  have  here  a 
work  that  cannot  be  other  than  a  source  of 
pride  to  every  American  physician  and  sur- 
geon."— Southern  Practitioner. 

"In  writing,  that  which  is  the  most  com- 
prehensible is  the  most  forcible.  So  this  vol- 
ume, full  as  it  is  of  plain  facts,  is  the  most 
useful  to  the  larger  number." — The  California 
Homoeopath. 

"  This  is  a  most  practical  book  and  one  of 
great  value  to  the  student  and  general  practi- 
tioner."— New  York  Medical  Journal. 

"  The  work  is  written  in  a  very  entertaining 
style  and  is  the  most  valuable  addition  to  the 
literature  of  neurology  which  has  appeared 
recently." — Southern.  California  Practitioner. 

"  Numerous  new  and  interesting  cases  illus- 
trate the  writer's  text  and  show  that  the  au- 


thor's experience  with  rare  cases  of  cerebral 
disease  has  been  unexceptionally  good." — 
Journal  of  Nervous  and  Mental  Diseases. 

"  The  work  is  a  practical  one  in  all  its  bear- 
ings. " — Columbus  Medical  Journal. 

"This  admirable  work  by  Dr.  Starr  is  the 
outgrowth  of  years  of  experience  and  observa- 
tion, and  is  replete  with  practical  information 
on  the  more  common  forms  of  neurological 
disorders." — Eclectic  Medical  Journal. 

"  It  treats  of  those  forms  and  varieties  of 
nervous  diseases  that  come  under  the  eye  of 
the  general  practitioner,  and  is  by  far  the 
most  concise  and  helpful  handbook  for  the 
busy  doctor  in  the  department  of  nervous  dis- 
eases."— Southern  Journal  of  Homoeopathy. 

"  Dr.  Starr  is  such  excellent  authority  upon 
the  subject  that  the  work  commends  itself 
at  once  to  the  practitioner." — Medical  Sum- 
mary. 

The  work  can  be  warmly  recommended  to 
the  student  and  to  the  general  practitioner ; 
it  is  thoroughly  trustworthy  as  a  guide  to  the 
subjects  of  which  it  treats." — North  American 
Journal  of  Homoeopathy. 


Williams,  J.  W.  Hume, 

Of  the  Middle  Temple,  Barrister  at-Law,  London. 

UNSOUNDNESS  OF  MIND  IN  ITS  LEGAL  AND  MEDICAL 
CONSIDERATIONS.  A  complete  reprint  of  this  important  work. 
8vo,  166  pages.     Price,  $1.50. 

Charpentier,  A. 

OBSTETRICS.  Four  Svo  volumes.  Vol.  I.,  509  pages;  Vol.  II.,  381 
pages;  Vol.  III.,  348  pages;  Vol.  IV.,  404  pages.  (Wood's  Li- 
brary.)    Subscription. 

Partridge,  Edward  L.,  M.D., 

New  Ynrk  City. 

THE  OBSTETRICAL  REMEMBRANCER.  A  neat  32mo  volume. 
Profusely  illustrated  with  miniature  wood  engravings.  (Wood's 
Pocket  Manuals.)     Price,  $1.00. 
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Reynolds,  Edward. 

PRACTICAL  MIDWIFERY.     A  Handbook  of  Treatment.    (American 
Series  of  Medical  Text-Books.)     8vo,  424  pages,  105  illustrations, 
red  parchment  muslin.      Price,  $2.50. 
"  Its  style  and  mode  <>f  treating  the  various    and  thoroughly  up  to  date." — Canada  Medical 


subjects  show  that  the  author  thought  before 
he  wrote.     The  young  practitioner  especially 
will  rind  this  work  of  the  greatest  assistance. 
—Medical  Herald. 

''The  hook  is   free  from  the   discussion  of 


H(  cord. 

"  This  book,  though  intended  for  the  i 
cal    student,    contains    many    practical    hints 
which  might  be  of  service  not  alone  to  the 

busy   practitioner."'    Eor   whom    SO   much    is 


the  relative  advantages  and  disadvantages  of  nowadays  done,   but  to  the  every-day  practi 

multiple  methods  of  procedure,  and,  though  it  tioner  whose  cases  do  not  come  so  frequently 

may  seem  that  most  points  are  sometimes  dis-  that  his  knowledge  is  at  his  lingers' ends." — 

posed   of   dogmatically,    the   advice   given   is  ivero  York  Medical  Journal. 

nevertheless  authoritative." — Practice.  "For  advanced  sudents  and  beginning prac- 

"  This  is  the  great  claim  which  the  1 k  can  titioners  this  work  will  actually  tul  an  unoccu- 

lay  to  being  termed  practical,  for  it  tells  the  pied  place  in  lOnglish  obstetrical  literature." — 

practitioner  what  is  the  best  thing  to  do  in  Chicago  Medical  Recorder. 
each  class  of  cases.     All  this  advice  is  sound  | 

Verrier,  E.,  M.D. 

PRACTICAL  MANUAL  OF  OBSTETRICS.  Fourth  edition,  en- 
larged and  revised,  with  lour  Obstetric  Tables  of  Professor  Pajot. 
First  American  edition,  with  revision  and  annotations  by  Edward 
L.  Partridge,  M.D.,  Professor  of  Obstetrics  in  the  New  York  Post- 
Graduate  Medical  School.  8vo.  420  pages,  illustrated  by  one  hundred 
and  five  wood-engravings.     Sold  by  subscription  only. 

Charcot,  J.  M.,  M.D., 

Professor  in  Faculty  of  Medicine  of  Paris ;  Physician  to  the  Salpetriere :  Member  of  the  Academy  of 
Medicine ;  of  the  Clinical  Society  of  London  ;  of  the  Clinical  Society  of  Buda-Pesth  ;  of  the  Society 
of  Natural  Sciences,  Brussels ;  President,  of  the  Anatomical  Society,  etc.,  etc. 

THE  DISEASES  OF  OLD  AGE.  Translated  by  L.  Harrison 
Hunt,  M.D.,  with  numerous  additions  by  A.  L.  Loomis,  M.D.,  etc., 
Professor  of  Pathology  and  Practical  Medicine  in  the  Medical  De- 
partment of  the  University  of  the  City  of  New  York;  Consulting 
Physician  in  the  Charity  Hospital  ;  to  the  Bureau  of  Out-Door  Re- 
lief; to  the  Central  Dispensary  ;  Visiting  Physician  to  the  Bellevue 
Hospital ;  to  the  Mount  Sinai  Hospital,  etc.,  etc.  Sold  only  by  sub- 
scription. 

Carnochan,  J.  M. 

A  TREATISE  OF  THE  ETIOLOGY,  PATHOLOGY.  AND 
TREATMENT  OF  CONGENITAL  DISLOCATIONS  OF  THE 
HEAD  OF  FEMUR.  Illustrated  by  lithographic  plates.  One 
volume   Rvo,  235  pages,  muslin.      Price,  $2.00. 
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Pathology. 
Delafield,  Francis,  M.D., 

Professor  of  Pathology  and  Practical  Medicine,  College  of  Physicians  and  Surgeons,  New  York,  and 

Prudden,  T.  Mitchell,  M.D., 

Director  of  Physiological  and  Pathological  Laboratory  of  the  Alumni  Association  of  the  College  of  Phy- 
sicians and  Surgeons,  New  York ;  Lecturer  on  Normal  Histology  in  Yale  College. 

A  HANDBOOK  OF  PATHOLOGICAL  ANATOMY  AND  HIS- 
TOLOGY, with  an  Introductory  Section  on  Post-mortem  Examina- 
tions and  the  Methods  of  Preserving  and  Examining  Diseased  Tissues. 
One  volume,  8vo,  609  pages.  Third  edition.  Illustrated  with  two 
hundred  and  twenty-four  engravings  from  original  drawings,  partly 
printed  in  colors.     Price,  muslin,  $6.00  ;  leather,  $7.00. 

Delafield,  Francis,  M.D., 

Profesor  of  Pathology  and  Practical  Medicine,  College  of  Physicians  and  Surgeons,  New  York. 

STUDIES  IN  PATHOLOGICAL  ANATOMY.  Volume  I.,  treating 
of  the  following  subjects:  Phthisis,  Peritonitis,  Pleurisy,  Pneumonia, 
Empyema,  Hydrothorax,  Bronchitis,  and  Tuberculosis.  Illustrated 
with  ninety-three  full-page  and  double-page  plates  made  by  the  fol- 
lowing processes  :  Wood-engravings  of  Original  Drawings  on  the 
Block,  Etchings  on  Copper,  Lithographs  from  Original  Drawings  on 
the  Stone,  and  Photographs  of  Specimens.  Royal  8vo,  bound  in  half 
morocco,  gilt  top,  plates  hinged  on  linen  guards.      Price,  $20.00. 

Volume  II.  :  Broncho-Pneumonia,  Chronic  Phthisis,  Lobar  Pneumonia, 
Acute  Bright's  Disease,  Chronic  Blight's  Disease.  Illustrated  with 
one  hundred  and  thirty-three  full  and  double  page  plates  hinged  on 
linen  guards,  similar  to  those  of  Vol.  I.  Royal  8vo,  bound  in  half 
morocco,  gilt  top.      Pr  ce,  $2000. 

"Professor  Delafield' s  'Studies  in  l'atlio-  results  are  obtained  are  as  follows:  Auto- 
logical  Anatomy,' to  which  we  have  referred  graphic  photo-Lthographs  from  original  draw- 
so  frequently  on  the  appearance  of  the  differ-  ings,  heliotypes  from  original  drawings,  wood- 
ent  parts,  have  thus  far  been  collected  in  a  engravings  of  original  drawings  on  the  block, 
single  magnificent  volume,  royal  octavo  size,  etchings  on  copper,  lithographs  from  original 
and  superbly  illustrated  with  ninety-three  drawings  on  the  stone,  artotypes  of  original 
full-  and  double-page  plates.  The  author's  ;  drawings,  photographs  of  specimens.  The 
object  has  been  to  describe  and  figure  the  |  fidelity  of  these  illustrations  is  beyond  praise, 
minute  lesions  of  disease  from  the  material  j  while  their  execution  in  the  different  methods 
which  has  fallen  under  his  own  observation.  '  alluded  to  make  them  specimens  of  high  art. 
In  this  respect  the  book  has  a  peculiar  value,  :  The  subjects  specially  treated  of  in  the  first 
in  representing  individual  work  in  a  wide  and  '  volume  are  phthisis,  peritonitis,  pleurisy, 
carefully  cultivated  field.  The  results  of  these  I  pneumonia,  empyema,  hydrothorax,  bron- 
labors  are  presented  for  what  they  are  worth  j  ohitis,  tuberculosis.  The  pathology  of  each 
as  demonstrated  facts,  nothing  more  and  110th-  one  of  these  diseases  is  tersely  and  compre- 
ing  less.  As  very  modestly  stated  by  our  au-  hensively  described  in  connection  with  the 
thor,  his  plan  of  study  simply  involved  the  ,  plates,  thus  giving  the  reader  the  advantages 
following  of  Nature  wherever  she  might  lead,  i  of  clinical  as  well  as  pathological  study  of  the 
Consequently,  in  viewing  the  admirable  pres-  !  different  lesions.        . 

entation  of  microscopical  appearances,  we  are  !  "We  cannot  congratulate  the  author  too 
privileged  to  sit,  as  it  were,  beside  the  master  warmly  on  the  results  of  his  labors  thus  far, 
and  almost  view  the  specimens  with  his  eye.  nor  can  we  recommend  the  work  too  strongly 
And  here  let  us  say  that  probably  in  no  similar  to  the  progressive  student  and  the  .advanced 
work  ever  before  published  are  there  collected  pathologist.  The  volume  is  elegantly  printed, 
so  many  beautiful  and  valuable  representations  ,  tastefully  bound,  and  aside  from  its  other 
of  pathological  lesions  than  in  the  one  before  merits  is  a  triumph  of  typographical  art. " — 
n.s.     The  processes  by  which  these  admirable  j  The  Medical  Record. 

Salter,  S„  James  A.,  M.B.,  F.E-.S., 

Member  of  the  Roy.il  College  of  Surgeons  and  Examiner  in  DonU.l  Surgery  at  the  College  ;  Dental  Sur 
geon  to  Guy's  Hospital. 

DENTAL  PATHOLOGY  AND  SURGERY.  One  volume,  Svo,  399 
pages,  illustrated,  muslin.     Price,  $4.50. 
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Ziegler,  Ernst, 

Professor  of  Pathological  Anatomy  in  the  University  of  Tubingen. 

A  TEXT-BOOK  OF  GENERAL  PATHOLOGICAL  ANATOMY 
AND  PATHOGENESIS.  Translated  and  edited  tor  English  stu- 
dents by  Ronald  McAlister,  A.M.,  M.D.,  Member  of  the  Royal 
College  of  Pnysiciansj  Fellow  and  Medical  Lecturer  of  St.  John's 
College,  Cambridge.  Three  Parts  complete  in  one  volume,  8vo, 
1,1 18  pages,  two  hundred  and  eighty-nine  illustrations.  Price,  extra 
muslin,  $5.50  ;  sheep,  $6.50. 


"  The  book  has  a  two-fold  merit ;  the  text  is 
not  overladen  with  detail,  and  is  therefore 
valuable  as  a  text-hook;  and  its  ample  biblio- 
graphical records  render  it  equally  valuable  as 
a  work  of  reference.  Dr.  MaoAlister  deserves 
the  best  thanks  of  pathologists  for  his  labor  and 
skill  as  translator  and  editor;  and  the  pub- 
lishers also  may  be  congratulated  upon  the  ex- 
cellent manner  in  which  they  have  fulfilled 
their  part  in  its  production." — The  Land  t. 
London,  April  9,  1887. 

"As  a  rule  the  pathology  of  the  skin  has 
been  too  much  specialized  and  kept  more  or 
less  out  of  works  professing  to  include  a  sketch 
of  the  entire  science  of  pathology.  Ziegler  and 
MacAlister  include  in  this  general  work  all  the 
special  details  that  are  to  be  found  in  the 
monographs  of  eminent  dermatologists.  A 
reference  to  the  illustrations  of  this  section  is 
alone  sufficient  to  show  its  value.  .  .  .  The 
text  accompanying  these  illustrations  is  very 
complete,  so  that  we  find  a  complete  treasury  of 
dermatological  knowledge  within  a  work  on  gen- 
eral and  special  pathology.  .  .  .  The  section 
on  pathology  of  the  mucous  membranes  is  of 
the  highest  value." — British.  Medical  Journal. 

"  Dr.  Ziegler  is  one  of  the  ablest  of  the  mod- 
ern German  pathologists,  and  it  is  among  them 
that  the  most  careful  and  thorough  studies  in 
this  department  have  been  now  for  many  years 
carried  on." — St.  Louis  <  'ourit  r  of  Mi  diciuc. 

"There  is  a  growing  liking  among  us  for 
German  medical  literature,  and  this  work  may 
be  found  to  satisfy  a  want  in  this  direction. 
The  book  is  well  translated,  and  the  part  on 
parasites,  vegetable  and  animal,  will  be  found 
more  full  and  up  to  the  present  time  than  any- 
thing in  the  English  language." — American 
Practitioner. 

"The  illustrations  are  excellent,  and  the 
text  is  developed  with  the  wonted  care  of  this 
great  teacher." — The  Louisville  Medical  iV<  ws. 


"Professor  Ziegler  is  conceded  authority  for 
both  Europe  and  America.  ...  A  work 
of  rich  excellence  for  the  professional  worker." 
• — St.  Louis  Medical  Journal. 

"It  is  only  occasionally  that  even  celebrated 
men  write  a  thoroughly  useful  and  reliable 
book  for  students,  a  book  which,  while  it  con- 
tains all  that  is  necessary,  is  not  so  large  as  to 
be  hindersome.  Professor  Ziegler  seems  to 
have  been  successful  in  accomplishing  such  a 
work.  The  translation  is  an  excellent  one,  and 
the  work  is  confidently  recommended  to  all 
who  wish  an  exhaustive  and  readable  hook  on 
pathology,  and  one  thoroughly  up  to  the  times." 
—  Canadian  Practitioner . 

"  We  can  most  heartily  recommend  the  book 
to  the  profession,  and  prophesy  for  it  as  great 
a  success  here  as  abroad." — Boston  Medical 
and  Surgical  Journal. 

"  This  is  an  eminently  practical  work,  based 
upon  the  author's  unusual  experience  and  close 
observation,  but  with  sufficient  reference  to 
the  general  literature  of  each  subject  dis- 
cussed to  make  it  a  very  comprehensive  treat- 
ise, and  practically  complete.'' — The  Sanita- 
rian. 

"  In  the  work  now  presented  we  recognize  a 
superior  text-book,  adapted  to  the  use  of  the 
student." — Homo opathic  Journal. 

"We  know  of  no  work  in  any  language 
which  so  fully  and  completely  r<  presents  the 
pathological  knowledge  of  the  day." — Canada 
Medical  and  Surgical  Journal. 

"Replete  with  most  valuable  information 
by  a  most  competent  observer,  it  can  but  com- 
mand the  heartiest  commendation  at  the  hands 
of  all  interested  in  the  advance  and  progress 
of  the  healing  art  and  science." — Southern 
Practitioner. 

"  Those  who  would  be  informed  on  the  very 
latest  in  pathology,  must  own  this  book." — 
Medical  Era. 


Comstock,  J.  C. ;  and  Comings,  N.,  M.D., 

PRINCIPLES  OF  PHYSIOLOGY:  Designed  for  the  Use  of  Schools, 
Academies,  Colleges,  and  die  General  Reader.  Comprising  a  Fa- 
miliar Explanation  of  the  Structure  and  Functions  of  the  Organs  of 
Man.  Illustrated  by  comparative  references  to  those  of  the  inferior 
animals.  Also  an  essay  on  the  Preservation  of  Health.  With  four- 
teen quarto  plates  and  over  eighty  engravings  on  wood,  making  in 
all  nearly  two  hundred  figures.  One  volume,  4to,  no  pages.  Price, 
in  muslin,  uncolored,  $2.25. 
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Kirkes'  Handbook  of  Physiology. 

HANDBOOK  OF  PHYSIOLOGY.  By  W.  Morrant  Baker,  F.R.C.S., 
Surgeon  lo  St.  Bartholomew's  Hospital  and  Consulting  Surgeon  to 
the  Evelina  Hospital  for  Sick  Children  ;  Lecturer  on  Physiology  at 
St.  Bartholomew's  Hospital,  and  late  Member  of  the  Board  of  Exam- 
iners of  the  Royal  College  of  Surgeons  of  England,  and  Vincent 
Dormer  Harris,  M.D.  Lond.,  Demonstrator  ot  Physiology  at  St. 
Bartholomew's  Hospital.  Thirteenth  edition.  In  one  volume,  with 
a  colored  plate  and  over  five  hundred  illustrations,  many  of  them  in 
colors.     Price,  muslin,  $4.00  ;  leather,  $5.00. 

"  .  .  Fully  np  to  the  latest  developments  '  "As  a  guide  for  the  student,  and  ready  ref- 
in  the  science  of  which  it  treats.  The  illus-  erence  lor  the  practitioner,  this  work  is  not  ex- 
trations  are  well  selected  and  will  be  found  celled  by  any  other  in  the  English  language 
very  helpful  to  the  student  in  his  efforts  to  for  the  clearness  of  statement  of  established 
comprehend  and  master  even  the  most  intri-    facts  in  the  science  of  which  it  treats." — The 


cate  portions   of   the   subject." — The  Hahne- 
mannian,  Philadelphia,  Pa. 

"  Indeed,  the  order  of  subjects  and  arrange- 


/Sanitarian,  New  York. 

"  The  Messrs.  Wood  do  not  intend  to  forget 
the  juniors  and  give  them  therefore  the  best 


ment  of   matter  throughout   the  volume   are  works  at  a  nominal  price.     There  is  hardly  a 

most  excellent,  and,  as  a  handbook,  the  all-  practitioner  of  some  years  who  did  not  learn 

sence  of  all   controversial  argumentation  on  the  principles  of  physiology  from  Kirkes,  and 

settled  points  is  an  additional  recommendation  any  work  which  reaches  an  eleventh  edition, 

of  its  value.     The  illustrations  can  hardly  be  shows  its  intrinsic  value." — The  North  Amcr- 

called  beautiful,  b".t  they  are  well  drawn  and  ican  Journal  of  Homoeopathy,  Philadelphia, 
instructive,  and  this  is  the  chief  end  of  a  pict- 
ure in  a   work   on  physiology." — The  Amer- 
ican Practitioner,  Louisville,  Ky.                        J 


Richet,  Chas.,  A.M.,  M.D.,  Ph.D., 

Former  Interne  of  the  Hospital  of  Paris. 

PHYSIOEOGY  AND  HISTOLOGY  OF  THE  CEREBRAL  CON- 
VOLUTIONS ;  ALSO,  POISONS  OF  THE  INTELLECT. 
Translated  by  Edward  P.  P'owler,  M.D.  One  volume,  Svo,  170 
pages,  illustrated,  muslin.     Price,  $1.50. 


ebral  convolutions  goes,  and  more  attention 
than  usual  is  given  to  their  structure." — 
Michigan  Medimal  News. 


"  This  is  a  very  thorough  and  comprehen- 
sive treatise  on  the  subject  of  which  it  treats, 
thorough  and  complete  as  far  as  the  knowledge 
of  the  arrangement  and  morphology  of  the  cer- 

Carpenter,  Wesley  M ,  M.D., 

Assistant  Pathologist  to  Bellevue  Hospital  ;  Instructor  in  the  Pathological  Laboratory  of  the  University 
of  the  City  of  New  York  ;  Secretary  of  the  Medical  Society  of  the  County  of  New  York  ;  Secretary 
of  the  New  York  Pathological  Society,  etc. 

AN     INDEX     OF    THE     PRACTICE     OF     MEDICINE.       121110, 
leather,  304  pages.     Price,  $2.50,  ntt. 


Hooper's 

PHYSrCTAN'S  VADE  MECUM  :  A  Manual  of  the  Principles  and 
Practice  of  Physic  ;  with  an  Outline  of  General  Pathology,  Thera- 
peutics, and  Hygiene.  Tenth  edition.  Revised  by  William  Au- 
gustus Guy,  M.B.  Cantab.,  F.R.S..  and  John  Hari.ey,  M.D.  Loiv1., 
F.L.S.  Volumes  I.  and  II.  Illustrated  by  wood-engravings.  Sold 
only  by  subscription. 
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Loomis,  Alfred  L.,  M.D.,  LL.D., 


Professor  of  Pathology  and  Practical  Medicine  in  the  Med-:™]  Department  of  the  University  of  the  Citj 
of  New  York  ;  Visiting  Physician  to  Bellovue  Hospital,  etc. 

A  TEXT-BOOK  OF  PRACTICAL  MEDICINE.  One  handsome 
8vo  volume  of  1,147  l)ages>  illustrated  by  two  hundred  and  eleven 
engravings.      Eighth  edition.     Price,  in  cloth,  $6.00  ;  leather,  $7.00. 


"  The  work  before  us  is  a  complete  compre- 
hensive treatise  on  general  pathology  and 
practical  medicine.  The  arrangement  and 
classification  is  that  which  the  author  has  ob- 
served in  teaching,  and  is  based  on  advanced 
pathological  knowledge." — Louisville  Medical 
News. 

"  A  careful  examination  of  the  book  creates 
the  impression  that  it  is  the  work  of  one  who 
speaks  that  which  he  himself  knows.  It  is 
not,  as  is  too  often  the  case  in  such  works,  a 
mere  revamping  of  statements  which  have  been 
perpetuated  through  a  long  series  of  treatises 
on  the  practice  of  medicine." — Medical  Age. 

"  The  work  traverses  the  usual  field  of  in- 
ternal pathology  considered  in  text-books 
upon  the  practice  of  medicine  ;  but  it  does  so 


with  evidences  of  such  unusual  discretion  and 
skill  as  to  pre  em  1  tie  subject  in  a  fresh  light, 
and  to  constitute  a  most  acceptable  addition 
to  medical  literature.  The  illustrations  are 
abundant,  original,  and,  as  a  rule,  neatly 
drawn,  and  well  illustrate  the  text,  in  which 
the  subjects  are  discussed  in  the  light  of  the 
most,  recent  additions  to  our  knowledge  of 
pathology  and  therapeutics." — The  Philadcl- 
phia  MedL  al  Times. 

"  It  is  an  elaborate  work  of  1,102  pages,  with 
a  full  index,  and  is  issued  in  the  publisher's 
best  style.  It  must  be  rated  as  one  of  the 
standard  works  on  the  theory  and  practice  of 
medicine  in  this  country,  and  should  have  a 
preference  over  those  emanating  from  Europe, 
even  if  re-edited  in  this  country." — The  Tin  r- 
apeutic  Gazette, 


Page,  R.  C.  M. 

A  PRACTICE  OF  MEDICINE  FOR  STUDENTS  AND  PRAC- 
TITIONERS. (American  Series  of  Medical  Text-Books.)  8vo, 
559  Pages>  many  illustrations,  red  parchment  muslin.     Price,  $4.00. 

gest  of  the  practice  of  medicine.  It  is  written 
in  an  easy,  natural  style,  and  the  author's  aim 
has  evidently  been  to  aid  the  practitioner  in 
recognizing  and  treating  the  various  diseases 
he  may  be  expected  to  encounter  in  the  prac- 
tice of  medicine  as  it  exists  to-day." — London 
Lancet. 

"He  has  avoided  argument  upon  disputed 
points,  has  omitted  almost  altogether  the  re- 
lation of  his  subject  to  pathological  anatomy, 
and  has  devoted  his  attention  mainly  to  clini- 
cal phenomena  and  treatment.  This,  of  course, 
constitutes  the  practical  side  of  medicine,  and 
must  ever  commend  itself  to  the  majority  of 
the  profession." — New  York  Medical  Journal. 


''  This  is  a  book  for  doctors  by  a  doctor. 
From  every  page  the  practical  physician  speaks 
in  plain,  every-day  language  to  the  doctor  at 
the  bedside." — Gaillaird's  Medical  Journal. 

"In  general  terms,  we  think  that  the  author 
has  been  successful  in  condensing  in  one  small 
and  elegantly  bound  volume  the  best  part  of 
our  knowledge  of  practical  medicine." — Medi- 
cal and  Surgical  Reporter. 

"We  feel  confident  in  asserting  that  it  will 
only  need  to  lie  sei'ii  in  the  coming  years  to 
make  its  brilliant  crimson  binding  an  every- 
day sight  in  the  most  of  our  medical  colleges." 
— Southern  Practitioner. 

"  We  regard  Dr.  Page's  book  as  a  good  di- 


Whittaker,  J.  T.,  M.D.,  LL.D., 


Professor  of  the  Theory  and  Practice  of  Medicine,  Medical  College  of  Ohio,  etc.,  etc. 

A  PRACTICE  OF  MEDTCINE,  PREPARED  FOR  STUDENTS 
AND  PRACTITIONERS.  8vo,  700  pages,  illustrated.  Price, 
muslin,  $5.75;  leather,  $6.50. 


"  The  treatise  includes  whatever  there  is  of 
substantial  value  in  recent  advances  in  diag- 
nosis and  therapeutics,  and  indeed  brings  the 
Bubject  thoroughly  up  to  date." — Mi  dical  Age. 

"  Taken  all  in  all  the  book  is  one  which  the 
profession  will  no  doubt  soon  adopt  as  a  reli- 
able counselor  in  many  of  the  perplexities  of 
medical  practice,  and  especially  will  it  prove 
of  inestimable  value  to  the  young  physician 


who,  with  microscope  and  test-tube,  would  fit 
himself  for  the  higher  positions  m  medical 
science." — Cleveland  Medical  Gazette. 

"The  work  is  an  authoritative  one.  and 
every  page  shows  the  genius  of  a  scholar,  phy- 
sician, and, clinician,  who  has  devoted  himself 
to  years  of  study,  supplemented  by  the  most 
valuable  of  all  acquisitions,  a  broad  practical 
experience." — Medical  and  Surgical  Reporter. 
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Practice — Diseases  of  the  Rectum  and  Anus. 

Wood's  Household  Practice  of  Medicine,  Hygiene,  and  Sur- 
gery. 

A  Practical  Treatise  for  the  Use  of  Families,  Travellers,  Seamen,  Miners, 
and  others.  By  Various  Authors.  8vo,  765  pages,  illustrated  by 
colored  lithographic  plates  and  five  hundred  fine  wood-engravings. 
Price,  per  volume,  muslin,  $5.00;  brown  leather,  $6.co ;  half  mo- 
rocco, $7.50. 

Ziemssen,  H.  Von,  M.D.,  Munich. 

CYCLOPEDIA  OF  THE  PRACTICE  OF  MEDICINE.  By  Vari- 
ous Authors.  Complete  in  twenty  volumes,  royal  8vo.  Price  per 
volume,  in. muslin,  $5.00  ;  in  leather,  $6.00  ;  in  half  morocco,  $7.50. 
Sold  by  subscription  only.     See  page  60. 

Peabody,  George  L.,  M.D.,  New  York. 

SUPPLEMENT  TO  ZIEMSSEN'S  CYCLOPAEDIA  OF  THE  PRAC- 
TICE OF  MEDICINE.  By  Various  Authors.  In  one  royal  8vo 
volume,  844  pages,  bound  to  correspond.  Price,  in  cloth,  $6.00  ;  in 
leather,  $7.00  ;  in  half  morocco,  $8.00;  also  extra  muslin  (not  cor- 
responding), $6.00';  and  in  red  leather,  $7.00. 

Bodenhamer,  William,  M.D., 

Professor  of  the  Diseases,  Injuries,  anJ  Malformations  of  the  Kectum,  Anus,  and  Genito-TJrinary  Or- 
gans. 

TREATISE  ON  THE  HEMORRHOIDAL  DISEASE.  Giving  its 
History,  Nature,  Cause,  Pathology,  Diagnosis,  and  Treatment.  One 
volume,  8vo,  over  300  pages,  illustrated  by  two  chromo-lithographic 
plates  and  many  wood-cuts.     Price,  muslin,  $3.00. 

"It  is  a  practical  discourse  on  both  the  surgical  and  medical  treatment  of  hemorrhoids, 
and  if  well  studied  will  enable  any  medical  man  oi  ordinary  capacity  to  manage  all  such 
cases." — Therapeutic  Gazette,  December,  166-1. 

PRACTICAL  OBSERVATIONS  ON  THE  /ETIOLOGY,  PATH- 
OLOGY, DIAGNOSIS,  AND  TREATMENT  OF  ANAL  FIS- 
SURE. Illustrated  by  numerous  cases  and  drawings.  One  volume, 
8vo,  199  pages,  muslin.     Price,  $2.25. 

"The  treatise  is  throughout  carefully  pre-  |  specialties,  when  treated  in  a  separate  volume, 
pared,  and  we   recommend   it   as   a   valuable,    we  get  the  subject  in  an  extended  and  minute 


practical  book,  worth  the  place  in  any  work- 
ing library." — Medical  and  Surgical  Reporter. 
"This  is  the  most  complete  and  extensive 
treatise  on  this  very  painful  and  troublesome 
disease.  The  work  is  really  a  history  of  the 
disease,  comprising  an  accurate  description  of 
its  symptoms   and    pathology,    together  with 


form." — St.  Louis  Medical  Reporter. 

' '  It  will  be  perused  with  interest  and  profit 
by  all." — Detroit  Review  of  Medicine,  etc. 

"We  believe  that  the  subject  has  received 
full  justice  at  the  hands  of  the  author,  and 
that  the  work  will  be  the  standard  on  the 
subject." — Buffalo  Medical  and  Surgical  Jour- 


the  plan  of  treatment.     As  is  the  case  with  all    nal. 

THE  PHYSICAL  EXPLORATION  OF  THE  RECTUM.  With  an 
Appendix  on  the  Ligation  of  Hemorrhoidal  Tumors.  Illustrated  by 
numerous  drawings.  One  volume,  8vo,  54  pages,  muslin.  Price, 
$1.25. 

AN  ESSAY  ON  RECTAL  MEDICATION.  One  volume,  8vo,  58 
pages,  illustrated,  muslin.     Price,  $1.00. 
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Diseases  of  Rectum,  and  Anus — Rheumatism — Shin  Diseases. 
Kelsey,  Charles  D.,  M.D., 

Bunreon  to  St    1  •.■mi's  Infirmary  for  Diseases  of  the  Rectum  ;  Consulting  Surgeon  for  Diseases  of  the 
Rectum  to  the  Harlem  Hospital  and  Dispensary  tor  Women  and  Children,  etc.,  etc. 

THE  PATHOLOGY,  DIAGNOSIS,  AND  TREATMENT  OF  DIS- 
EASES OF  THE  RECTUM  AND  ANUS.  Fourth  revised 
Edition.  One  volume,  8vo,  504  pages,  illustrated  by  two  chromo- 
lithographic  plates  and  many  wood-engravings.    Price,  in  cloth,  $4.00. 

"The  aim  of  the  author  has  been  to  make  j  glad  to  see  the  author  reaping  the  reward  of 
this  book  a  safe  guide  for  the  student,  and  gm-  ,  his  labors  in  its  frequent  editions.  —JVewXorlc 
oral  practitioner,  and  to  furnish  that  informa-     Medical  Journal. 

tinn  which  is  so  difficult  to  obtain  without  "Everyone  will  do  well  to  secure  a  copy, 
special  advantages,  such  as  arc  obtained  by  for  it  is  without  doubt  one  of  the  best  ever 
clinics  eta."— North  Carolina  Med.  Jour.  written  upon  this  subject.  —Aashville  Jour- 

"  It  forms  the  best  recent  work  on  a  class  of    nal  of  Medicine-  and  Surgery. 
disease  which,  although  claimed   by  surgery,        "The  present  edition  <d  tins  work,  thorough- 
ha's  more  medical  relation  than  most  physi-    ly  revised,  may  fairly  be  nid  to  presenl  the 
cians  arc  aware."— The    College   and    Clinic    recognized  practice  oi  the  day,  while 1 
ftecord  thor  expresses  his  personal  views  with  much 

"The  work  as  a  whole  is  an  admirable  force."—  The  American  Journal  of  Medical 
resume  of  the  subject  np  to  date,  and  we  are  |  Sciences. 

Longstreth,  Morris,  M.D.,  etc. 

RHEUMATISM,  GOUT,  AND  SOME  OF  THE  ALLIED  DIS- 
EASES.    Sold  only  by  subscription. 

Maclagan,  F.  J.,  M.D. 

RHEUMATISM,  ITS  PATHOLOGY  AND  ITS  SUCCESSFUL 
TREATMENT.     Sold  by  subscription  only. 

Liveing,  Robert,  A.M.  and  M.D.  Cantab.,  F.R.C.P.  Lond., 

Lecturer  on  Dermatologv  to  the  Middlesex  Hospital  Medical  School-.  Lately  Physician  to  the  Middlesex 
Hospital  :   Author  of  "  Notes  on  the  Treatment  of  Skin  Diseases,"  "  Elephantiasi-  Grsecorum,    etc  . 

A  HANDBOOK  ON  THE  DIAGNOSIS  OF  SKIN  DISEASES. 
One  volume,  8vo,  266  pages,  muslin.     Price,  $1.50. 

"  The  work  is  one  which  a  careful  perusal  I  in  the  field,  we  bespeak  for  it  general  favor 
would  enable  us  to  commend  even  though  its  with  the  profession."  —  Michigan  Medical 
field  was  occupied  by  others,  and  as  it  is  alone  '  N<  <".,. 

NOTES  ON  THE  TREATMENT  OF  SKIN  DISEASES.  One 
volume,  161110,  127  pages,  muslin.     Price,  $1.00. 

Morrow,  P.A.,  A.M.,  M.D. 

ATLAS  OF  SKIN  AND  VENEREAL  DISEASES.  One  volume, 
half  morocco.     Price,  $35.00.     (Subscription,  see  page  51.) 

DRUG  ERUPTIONS.  A  Clinical  Study  of  the  Irritant  Effects  of  Drugs 
upon  the  Skin.  8vo,  206  pages,  one  lithographed  plate.  Extra  mus- 
lin.    Price,  $1.75. 

Paschkis,  Heinrich. 

COSMETICS.  A  Treatise  for  Physicians.  A  complete  translation 
from  the  German  edition.     204  pages,  paper.     Price,  50  cents. 
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Diseases  of  the  Stomach,  Intestines,  etc. 

Pifiard,  Henry  G.,  A.M.,  M.D. 

CUTANEOUS  MEMORANDA.  (Wood's  Pocket  Manuals.)  Price, 
cloth,  $1.00. 

Bristowe,  John  Syer,  M.D., 

And  others. 

DISEASES  OF  THE  INTESTINES  AND  PERITONEUM.  Sold 
only  by  subscription. 

Dujardin-Beaumetz, 

Physician  to  the  Cochin  Hospital  :  Member  of  the  Academy  of  Medicine,  and  of  the  Council  of  Hygiene 
"  and  Salubrity  of  the  Seine  ;  Editor  uf  the  Bulletin  Gen  >ral  de  Xharapeutique,  etc. 

DISEASES  OF  THE  STOMACH  AND  INTESTINES,  CON- 
SIDERED ESPECIALLY  WITH  REFERENCE  TO  CLINI- 
CAL THERAPEUTICS.  Lectures  in  Practical  Medicine,  deliv- 
ered in  the  St.  Antoine  Hospital,  Paris,  France.  Translated  by  E. 
P.  Hurd,  M.D.  With  illustrations,  and  one  plate  in  chromo-lithog- 
raphy.     Sold  by  subscription  only. 

Eichhorst,  Hermann,  M.D., 

Professor  of  Special  Pathology  and  Therapeutics  and  Director  of  the  University  Medical  Clinic  in 
Zurich. 

DISEASES  OF  DIGESTIVE,  URINARY,  AND  GENERATIVE 
ORGANS.  Illustrated  by  one  hundred  and  six  fine  wood-engrav- 
ings. Being  Volume  II.  of  the  "  Handbook  of  Practical  Medicine." 
Sold  by  subscription  only. 

Matthieu,  A., 

Physician  to  the  Paris  Hospitals. 

TREATMENT  OF  THE  DISEASES  OF  THE  STOMACH  AND 
INTESTINES.  8vo,  285  pages,  maroon  parchment  muslin,  price, 
$2.50  ;  flexible  leather,  gilt  top,  round  corners,  price,  $3.25.  (Vol. 
II.  of  the  Medical  Practitioner's  Library.) 

"We  commend  this  treatise  to  the  careful  |  this  is  thought  the  best,  as  it  is  the  latest 
study  of  every  physician  who  deserves  the  1  treatise  upon  the  subject,  and  its  cisatlantic 
name." — Buffalo  Medical  and  Surgical  Jour-  ,  popularity  will,  no  doubt,  be  equally  great." 
nal.  — Massachusetts  Medical  Journal. 

''Space  will  not  permit  us  to  give  further  "Very  much  valuable  information  is  here 
extracts  from  this  highly  interesting  and  truly  displayed,  illumined  by  the  special  krow  edge 
scientific  volume,  which  should  be  read  by  of  the  author  and  embracing  the  results  of  the 
every  medical   practitioner    desiring   to   keep  '  latest  researches.     It  is  a  book  that  will  well 


pace  with  the  advances  of  the  profession. "- 
Journal  of  American  Medical  Association. 
"In  Europe,  where  its  circulation  is  large, 


repay  study." — North  American  Journal  of 
Homoeopathy. 


Wendt,  Edmund  C,  M.D., 

Curator  of  St.  Francis'  Hospital ;  Pathologist  and  Curator  of  the  New  York  Infant  Hospital,  etc. 

A  TREATISE  ON  CHOLERA.  Edited  and  Prepared  in  Associa- 
tion with  John  C.  Peters,  M.D.,  New  York,  John  B.  Hamilton, 
M.D.,  Surgeon-General  U.  S.  Marine  Hospital  Service,  and  Fi.y 
McClei.t.an,  M.D.,  Surgeon  U.  S.  Army.  8vo,  403  pages.  Illus- 
trated with  maps  and  engravings.      Price,  $3.00. 
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Bradford,  Edward  H.,  M.D.,  and  Lovett,  Robert  W.,  M.D., 

Surgeon  to  the  Children's  Hospital,  Boston  Surgeon   to  the  Samaritan  Hospital  . 

City  Hospital,  and  Samaritan  Hospital ;  tant  Out  -  Patient  Surgeon  to  the 
Instructor iu Clinical  Surgery,  Harvard  Children's  Hospital;  Oui  Patient  Bur- 
Medical  School.  geon  to  iIm  Carney  Hospital. 

A  TREATISE  ON  ORTHOPEDIC  SURGERY.  Illustrated  with 
seven  hundred  and  eighty-nine  wood-engravings.  Octavo,  790  pages. 
Price,  extra  muslin,  $6.00. 

Clarke,  W.  Fairlie,  M.A.  and  M.B.  Oxon.,  F.R.C.S., 

Assistant  Surgeon  to  Char.ng  Cro.ss  Hospital. 

A  MANUAL  OE  SURGERY.  A  new  edition,  thoroughly  revised, 
with  important  additions  by  an  American  surgeon.  Nearly  two  hun- 
dred illustrations.     Over  300  pages.     Sold  only  by  subscription. 

Hamilton,  Frank  Hastings,  A.M.,  M.D.,  LL.D,, 

Professor  of  the  Practice  of  Surgery,  with  Operations,  and  of  Clinical  Sorgery,  in  T'ellevue  Hospital 
Medical  College  :  Visiting  Surgeon  to  Bellevue  Hospital ;  Consulting  Surgeon  to  Bureau  of  Surgical 
and  Medical  Belief  for  the  Out  door  Poor,  al  Bellevue  Hospital ;  to  the  Centra]  Dispensary;  and  to 
the  Hospital  for  the  Ituptured  and  Crippled;    Fellow  of  the  New  York  Academy  of  Medicine,  etc. 

THE  PRINCIPLES  AND  PRACTICE  OE  SURGERY.  Illus- 
trated with  four  hundred  and  sixty-seven  engravings  on  wood.  One 
volume,  royal  8vo,  954  pages.  Price,  in  muslin,  $5.50  ;  or  in  leather, 
$6.50. 

Keetley,  C.  B.,  F.R.C.S., 

Senior  Surgeon  to  the  West  London  Hospital  ;   Surgeon  to  the  Surgical  Aid  Society. 

AN  INDEX  OE  SURGERY.  Being  a  Concise  Classification  of  the 
Main  Eacts  and  Theories  of  Surgery,  for  the  Use  of  Senior  Students 
and  others.      One  volume,  8vo,  320  pages,  muslin.     Pri.ce,  $2.00. 

Kocher,  Th ,  M.D., 

Professor  at  the  University  and  Director  of  the  Surgical  Clinic  at  the  Berne  University. 

OPERATIVE  SURGERY.  8vo,  288  pages,  163  illustrations,  extra 
muslin,  $3.00. 


11  The  book  is  remarkable  for  its  extreme 
simplicity  of  style,  its  entire  freedom  from 
superfluities  of  any  sort,  and  its  directness. 
These  are  indeed  always  characteristic  of  a 
master,  whether  the  topic  be  war,  religion, 
law,  or  medicine." — The  Journal  of  the  Ameri- 
can Medical  Association. 

"This  is.  for  the  surgeon  who  would  master 
the  operative  technique  of  his  profession,  th 


written  simply,  concisely,  and  practically." 
— Massachusetts  Medical  Journal. 

"Kocher's  book  is  of  that  character  that  in 
times  to  come  it  is  quite  likely  to  be  taken  for 
the  exponent  of  the  method  of  operating  in 
our  epoch." — Journal  of  American  Medical 
Association. 

"The  book  appears  in  the  excellent  style, 
which  characterizes  the  work  of  this  firm,  and 


work  par  excellence,  for  its  author,   though    is    invaluable    to    the   operating   surgeon.  — 
discussing  a  subject  essentially  intricate,  has    North  American  Journal  oj  Homoeopathy. 

Ling,  P.  He. 

SYSTEM  OE  MANUAL  TREATMENT  AS  APPLICABLE  TO 
SURGERY  AND  MEDICINE.  By  Arvid  Kelt.gren,  M.D., 
Edin.  8vo,  151  pages,  with  79  illustrations,  extra  parchment  muslin. 
Price,  $1.25. 

Moullin,  C.  W.  Mansell. 

SPRAINS,  THEIR  CONSEQUENCES  AND  TREATMENT.  (Re- 
print from  Medical  and  Surgical  Monographs.)  8vo,  221  pages, 
parchment  muslin.     Price,  $1.50. 
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Munde,  Paul  F.,  M.D. 

SURGICAL  GYNECOLOGY,  INCLUDING  MINOR  AND  MAJOR 
OPERATIONS.     (Iu  Press.) 

Peugnet,  Eugene,  M.D. 

THE  NATURE  OF  GUNSHOT  WOUNDS  OF  THE  ABDOMEN, 
AND  THEIR  TREATMENT;  Based  on  a  Review  of  the  Case 
of  the  late  James  Fisk,  Jr.,  in  its  Medico-legal  Aspects.  One  vol- 
ume, 8vo,  96  pages,  muslin.     Price,  $1.25. 

Pilcher,  Lewis  S.,  A.M.,  M.D., 

Of  Brooklyn.  N.  Y. 

THE  TREATMENT  OF  WOUNDS.  Being  a  Treatise  on  the  Prin- 
ciples upon  which  the  Treatment  of  Wounds  should  be  Founded,  and 
on  the  Best  Methods  of  carrying  them  into  Practice,  including  a  con- 
sideration of  the  Modifications  which  Special  Injuries  may  demand. 
Illustrated  by  wood-engravings.     Sold  only  by  subscription. 

Poulet,  Alfred,  M.D. 

A  TREATISE  ON  FOREIGN  BODIES  IN  SURGICAL  PRAC- 
TICE.    Sold  only  by  subscription. 

Savage,  Henry,  M.D., 

Fellow  of  the  Royal  College  of  Surgeons  of  England,  one  of  the  Consulting  Medical  Officers  of  the  Sa- 
maritan Hospital  for  Women. 

THE"  SURGERY,  SURGTCAL  PATHOLOGY,  AND  SURGICAL 
ANATOMY  OF  THE  FEMALE  PELVIC  ORGANS,  in  a  Se- 
ries of  Plates  taken  from  Nature,  with  Commentaries.  Notes,  and 
Cases.  Third  edition,  revised  and  greatly  extended.  Sold  only  by 
subscription. 

Schreiber,  August. 

GENERAL  ORTHOPEDICS,  INCLUDING  ORTHOPEDIC  SUR- 
GERY.    Complete    translation   from   the  original  German   edition. 
8vo,  357  pages,  388  illustrations.      Price,  $1.75. 

Starr,  M.  Allen,  M.D  ,  Ph,D., 

Professor  of  Diseases  of  the  Mind  and  Nervous  System ;  College  of  Physicians  and  Surgeons,  New  York. 

BRAIN  SURGERY.     8vo,  306  pages.     Price,  $3.00. 

"This,  handbook  embodies  the  results  ob-  '  dealing  with  the  problems  presented  in  this 
tained  by  experienced  teachers,  and  will  prove    important  branch  of  medicine  and  surgery." — 
a  very  valuable  work  to  the  general  practi-    Physician  and  Surgeon. 
tioner." — Texas  Medical  Journal.  ''Looked  at  from  a  surgical  point  of  view 

"His  deductions  are  clear  and  logical,  and  this  book  is  a  most  important  contribution  to 
he  has  succeeded  in  giving  to  the  profession  the  subjects  of  which  it  treats." — The  Inter- 
a  work  which  will  occupy  a  high  place  in  the  j  national  Journal  of  Surfft  ry. 
literature  of  this  special  field.  From  a  me-  "All  in  all  this  work  of  Dr.  Starr  can  justly 
chanical  standpoint  the  book  is  well  gotten  take  its  place  not  only  in  the  library,  but  even 
up,  the  paper  is  good,  the  illustrations  and  on  the  table,  as  a  safe  and  conservative  guide  to 
type  ;ire  clear." — Halliard's  Medical  Jour-  both  physicians  and  .surgeons.'' — The  AmerU 
not.  j  can  Practitioner  and  News. 

"  The  experience  of  the  writer,  together  with  ■  "  This  book  has  the  entire  field  to  itself  ;  it 
the  hearty  co-operation  of  such  men  as  Wier,  is  well  written,  it  is  American,  it  is  authori- 
Hartly,  Poore,  and  Bridden,  makes  it  a  work  tative." — Southern  California  Practitioner. 
of  great  value,  and  will  probably  find  its  place  "  Dr.  Starr  has  undertaken  the  task  of  sift- 
in  the  library  of  every  physician  who  makes  a  ing  the  vast  literature  in  order  to  place  before 
Bpecial  study  of  brain  disturbances." — Medical  the  profession  a  working  basis  for  the  Lm- 
Advance.  portant  subject  of  cerebral  surgery.    The  large 

"  This  book  is  one   for  the   busy  practi-    personal  experience  of  the  author  has  particu- 
tioner." — Maritime  Medical  News.  larly  fitted  him  t<>  exercise  a  critical  judgment 

"An  accurate  and  efficient  guide  to  those  '  in  this  work." —  Virginia  Medical  Monthly. 
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The  International  Encyclopaedia  of  Surgery,  revised  edition. 

.  A  Systematic  Treatise  on  the  Theory  and  Practice  of  Surgery.  By  au- 
thors of  various  nations.  Edited  by  John  Ashhurst,  Jr.,  M.D., 
Professor  of  Clinical  Surgery  in  the  University  of  Pennsylvania.  In 
six  volumes,  royal  8vo.  Illustrated  with  chromolithographs  and 
wood-engravings.  Price  per  volume,  muslin,  $6.00;  leather,  $7.00; 
half  morocco,  $8.00.     Sold  only  by  subscription. 

Wyeth,  John  A.,  M.D.  Univ.  of  Louisville, 

Member  of  the  New  Tort  County  Medicnl  Society;  the  New  York  Pathological  Society;   Honorary 
Member  of  the  College  of  Physicians  and  Surgeons  of  Little  Rock,  Arkai 

A  HANDBOOK  OF  MEDICAL  AND  SURGICAL  REFERENCE. 
One  volume,  121110,  279  pages.     Price,  tucks,  $1.50. 

ESSAYS  IN  SURGICAL  ANATOMY  AND  SURGERY.  8vo,  262 
pages,  illustrated,  muslin.     Price,  $2.00. 

Warren,  J.  Collins,  M.D. 

Assistant  Professor  of  Surgery,  Harvard  University;  Surgeon  to  the  Massachusrtts  General  Hospital; 
Member  American  Surgical  Association  ;   Honorary  Fellow  Philadelphia  Academy  o£  Surgery. 

THE  HEALING  OF  ARTERIES  AFTER  LIGATURE  IN  MAN 
AND  ANIMALS.  One  volume,  184  pages.  Superbly  illustrated 
with  twelve  full  page  plates  in  black  and  colors.  Parchment  muslin 
binding.     Price,  $3.25. 


"This  scholarly  monograph  contains  an 
elaborate  description  of  the  different  pro- 
cesses which  take  place  in  the  walls  of 
arteries  from  the  moment  of  ligature  until 
the  formation  of  the  final  cicatrix  occurs, 
and  is  worthy  of  the  careful  consideration 
of  every  practical  surgeon." — The  Medical 
Bulletin.. 

"  We  know  of  no  such  comprehensive  and 
exhaustive  study  of  the  subject  as  tins,  in  any 


language  or  of  any  date." — The  Medical  Press, 
New  \'ork. 

"  This  book  presents,  in  a  comprehensive 
and  interesting  manner,  the  most  advanced 
knowledge  we  have  on  this  point  in  surgical 
pathology. " — Lancet  Clinic. 

•'This  is  a  work  which  may  be  regarded, 
structurally  at  least,  as  almost  perfect.  It  is 
a  real  pleasure  to  take  up  such  a  volume  for 
review. " — The  London  Medical  Record. 


Lovett,  Robert  W. 

See  "Bradford,  Edward  H.,"  page  29. 

Diday,  Paul. 

ON  SYPHILIS  IN  INFANTS.  Translated  by  Dr.  G.  Whitley. 
With  Notes  and  Additions  by  F.  R.  Sturgis,  M.D.  With  a  colored 
plate.     Sold  only  by  subscription. 

£3f*  In  bringing  out  an  American  edition  of  Diday's  exceptional  work,  Dr.  Sturgis,  in  hia 
preface,  says:  "He  believes  that  this  method  of  annotation  will  serve  to  bring  out  many 
points  in  the  pathology  and  treatment  of  Infantile  Syphilis  better  than  it  could  have  done  in 
an  independent  work." 

Keyes,  E.  L.,  A.M.,  M.D., 

Adjunct  Professor  of  Surgery,  and  Professor  of   Dermatology  in   Bellevue  Hospital  Medical  College : 
Consulting  Surgeon  to  the  Charity  Hospital  ;  Surgeon  to  Bellevue  Hospital,  etc. 

VENEREAL  DISEASES.     Sold  only  by  subscription. 
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Morrow,  P.  A.,  A.M.,  M.D., 


Clinical  Professor  of  Venereal  Diseases  ;  Consulting  Surgeon  to  the  Bellevne  Oat-door  Department,  etc,. 

VENEREAL    MEMORANDA.     A  Manual  for  the  Student  and  Prac- 
titioner.    Revised  in  1894.     (Wood's  Pocket  Manuals.)    Price,  mus- 


lin, $ 


1 .00. 


"The  amount  of  patience  exercised  by  the 
author  in  selecting  from  the  numerous  sources 
of  information  is  wonderful.  To  this  he  has 
added  the  results  of  his  personal  observations, 
and  has  made  a  most  usef  id  and  readable  book. 
.  .  .  We  heartily  recommend  the  work  to 
all  those  desiring  the  latest  information  on  this 
subject. — Canada  Lancet. 


"Dr.  Morrow  has  rendered  great  service  to 
all  practitioners  of  medicine  by  placing  before 
them  in  t  his  book  a  clear  and  full  statement  of 
all  that  is  known  of  the  action  of  the  more  im- 
portant drugs  upon  the  skin,  and  the  etiology, 
pathogenesis,  diagnosis,  and  treatment  of  the 
various  lesions  which  they  cause. — New  York 
Medical  Journal. 


Taylor,  R.  W.,  M.D., 

Surgeon  to  the  New  York  Dispensary,  Department  of  Venereal  and  Skin  Diseases,  Physician  to  Charity 
Hospital,  New  York. 

SYPHILITIC  LESIONS  OF  THE  OSSEOUS  SYSTEM  IN  IN- 
FANTS AND  YOUNG  CHILDREN.  One  volume,  8vo,  179 
pages,  muslin.     Price,  $2.50. 

James,  P. 

THE  THERAPEUTICS  OF  THE  RESPIRATORY  PASSAGES. 
8vo,  316  pages.     (Wood's  Library.)     Subscription. 

Ringer,  Sidney,  M.D., 

Professor  of  the  Principles  and  Praclieo  of  Medicine  in  University  College  ;  Physician  to  University 
College  Hospital. 

A  HANDBOOK  OF  THERAPEUTICS,  WITH  DIETARY  AND 
INDEX  OF  DISEASES.  Twelfth  edition.  Price,  muslin,  $5.00 ; 
leather,  $6.00. 

"  Upon  the  appearance  of  that  now  indis-  ;  the  opportunity  of  further  testing  them  in 
pensable  work,  '  Ringer's  Handbook  of  Thera-  j  numerous  cases  of  adults." — Dr.  Desseau  in 
peutics.'  my  attention  was  particularly  at-  \  Medical  Record,  July  '.'8,  1S77. 
tracted  to  the  frequency  with  which  he  I  "  The  author  has  selected  everything  of  sub- 
recommends  small  doses  of  medicines  that  we  stantial  value  among  the  recent  advances  in 
have  been  accustomed  to  use  in  much  larger  therapeutics.  It  is  a  practical  work,  replete 
doses  for  entirely  different  diseases.  Some  of  ■  with  interest  and  reliable  information,  and 
these  remedies  were  recommended  so  strongly,  |  will  be  found  to  be  one  which  can  be  consulted 
that  I  was  induced  to  give  them  a  trial,  more  by  the  practitioner  with  much  benefit.  We 
especially  as  my  practice  among  children  com-  I  would  advise  every  young  physician  to  pro- 
pels me,  for  many  reasons,  to  administer  as  '  cure  and  read  the  book.  It  tills  all  the  author 
little  unpleasant-tasting  medicines  as  possible.  [  claims  for  it  in  letter  and  spirit,  and  is  written 
Their  use  with  children  first  having  been  I  in  such  a  clear  and  simple  style  that  all  who 
found  satisfactory,  my  position  in  connection  |  read  it  will  do  so  with  pleasure." —  Western 
with  the   New  York  Dispensary  afforded  me  I  Lancet. 


Corson,  John  W.,  M.D., 

Late  Physician  to  the  class  of  "  Diseases  of  the  Chest  and  Throat"  in  the  New  York  and  Eastern  Dis- 
pensaries :  formerly  Physician  to  the  Brooklyn  City  Hospital  ;  Physician  to  the  Orange  Memorial 
Hospital,  etc. 

ON  THE  TREATMENT  OF  PLEURISY.  With  an  Appendix  of 
Cases,  showing  the  Value  of  Combinations  of  Croton  Oil,  Ether,  and 
Iodine,  as  Counter-irritants  in  other  Diseases.  One  volume,  i6mo, 
31  pages,  muslin.     Price,  50c. 
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Bosworth,  Franke  Huntington,  M.D., 

Lecturer  on  lhseases  of  the  Throat  in  the  Bellevue  Hospital  Medical  College,  and   Ph     ician   in  Cli   I    o 
ni' the  Clinic  f<>r  Diseases  ol  the  Throat  in  the  Out  Door  Department  ot  Belli  irue  Ho  pital;   Pel 
low  of  the  New  Yorl<   Academy  of  Medicine,  of  the  American  Jdaryiigological   J    01    •  Lion,  a  nd 
ber  of  the  Medical  Society  of  tlio  County  of  New  York. 

DISEASES  OK  THE  THROAT  AND  NOSE.  New  edition,  in  two 
volumes,  8vo.     Profusely  Illustrated. 

Vol.  I. — Diseases  of  the  Nose  and  Naso-pharvnx.  Royal  octavo, 
670  pages,  4  colored  plates  and  182  woodcuts.  Price,  extra  muslin, 
$6.00. 

Vol.  N. — Diseases  of  the  Throat.  Royal  octavo,  832  pages,  3  colored 
plates,  and  125  woodcuts.      Price,  extra  muslin,  $6.00. 

"Dr.  Bosworth,  who  has  by  his  former  edi-  first  ever  published  in  this,  or  any  country, 

tion  obtained  most  flattering  notices,  Ls  again  upon  the  subjects  of  which  it  treats." — Buffalo 

bo  be  congratulated  in  producing  one  of  the  Medical  and  Surgical  Journal. 

best  works   upon   diseases  of  the  i;ose    and  "  It  is  an  entirely  new  treatise,  and  v 

throat.     We  will  anxiously  look   for  the  ap-  not  too  highly  commend  it  to  our  readers,  as 

pearance  of  volume  two,  and  predict  a  most  it  is  sure  to  be  the  work  of  the  present  decade 

hearty  welcome  from  the  medical  press  of  the  in  this  specialty." — The   California   Homceo- 

world." —  The    Medical    Bulletin,    Philadel-  path. 

ji//i<r.  L"  Perspicuous  in  style,  concise  and  yet  cx- 

"  It  will  be  seen  that  this  is  an  exhaustive  haustive,  and  should  not  only  Ik- on  the  table 

treatise,   and  one  that  the   specialist  at  least  of  every  specialist  of  the  subjects  treated,  but 

cannot  afford  to  be  without.     The  publishers'  also  upon  that  of  every  general  practitioner 

work  is  well  done.     The  type  is  large  and  clear,  who  pretends  to  keep  abreast   with   current 

and  the  illustrations  finely  executed.     Take  it  medical  thought  and  improvement." — South- 

all  in  all,  this  work  stands  easily  among  the  em  Practitioner. 


Billington,  C.  E.,  M.D.,  and  O'Dwyer,  Joseph,  M.D. 

DIPHTHERIA,  ITS  NATURE  AND  TREATMENT,  and  In- 
tubation in  Croup,  and  other  Acute  and  Chronic  Forms  of  Stenosis 
of  the    Larynx.     By  Josfph  O'Dwver,  M.D.      Octavo,  pages. 

Piice,   muslin,  $        .     (Revised  edition  in  Press.) 


Eichhorst,  Hermann,  M.D., 

Professor  of  Special  Pathology  and  Therapeutics  and  Director   of   the  University  Medical  Clinic  in 
Zurich. 

DISEASES  OE  THE  CIRCULATORY  AND  RESPIRATORY 
APPARATUS.  Il'ustrated  by  one  hundred  and  three  fine  wood 
f  ngravinss.  Being  Volume  I.  of  the  "  Handbook  of  Practical  Medi- 
cine."    In  four  volumes.     Sold  by  subscription  only. 

Professor  Eichhorst  is  the  most  popular  lecturer  on  medicine  in  Germany,  his  clinics  being 
crowded  daily.  Though  a  comparatively  .young  man.  he  is  considered  by  his  countrymen  their 
foremost  authority  on  the  practice  of  medicine.  This  treatise  is  unquestionably  the  most 
complete  of  any  hitherto  written,  embracing  the  more  rare  as  well  as  all  the  commoner  forms 
of  disease.     It  is  a  perfect  mine  of  clinical  and  pathological  knowledge. 
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Diseases  of  the  Chest,  Throat,  etc. 


Ingals,  E.  Fletcher,  A.M.,  M.D., 


Professor  of  Laryngology  and  Practice  of  Medicine,  Rush  Medical  College;  Professor  of  Diseases  of 
Throat  and  Chest,  Northwestern  University  Women's"  Medical  School;  Professor  of  Laryngology 
and  Rhinology,  Chicago  Polyclinic,  etc. 

LECTURES  ON  THE  DIAGNOSIS  AND  TREATMENT  OF 
DISEASES  OF  THE  CHEST,  THROAT,  AND  NASAL 
CAVITIES.  Including  Physical  Diagnosis  and  Diseases  of  the 
Lungs,  Heart,  and  Aorta  ;  Laryngology  and  Diseases  of  the  Pharynx, 
Larynx,  Nose,  Thyroid  Gland,  and  Oesophagus.  Third  edition, 
levised  and  enlarged.  8vo,  640  pages,  240  illustrations,  including 
colored  plate  of  stained  tubercle  bacilli.     Price,  85.00. 


"  This  is  a  very  complete  review  of  the  path- 
ology, etiology,  symptomatology,  diagnosis, 
prognosis,  and  treatment  of  the  organs  princi- 
pally concerned  in  respiration,  with  the  heart 
and  aorta,  the  thyroid  gland,  and  oesophagus. " 
—  Medical  Bulletin. 

••  We  heartily  recommend  the  book  to  thosa 
who  desire  to  become  thoroughly  acquainted 
with  the  best  literature  upon  diseases  affecting 
the  respiratory  tract." — Therapeutic  Gazette. 

"  This  is  one  of  the  most  exhaustive  works 
of  the  present  time.  The  author  shows  his 
familiarity  with  his  various  subjects  in  the 
skilful  manner  in  which  he  treats  them." — 
Southern  Journal  of  Homoeopathy, 

"It  is  the  work  of  a  specialist  along  broad 
lines,  and  of  one  whose  specialism  is  the  con- 
centration and  essence  of  years  of  general 
practice. 

"The  volume  is  one  of  value  alike  to  the 
special  and  general  worker,  and  we  congratu- 
late Dr.   Ingalls  upon  the  successful  accom- 


plishment of  a  confessedly  difficult  work." — 
Medical  Record. 

"An  excellent  book  of  reference  for  the 
student  in  laryngology,  or  the  practising  phy- 
sician, and  is  essential  to  the  library  of  the 
laryngologist." — Boston  Medical  and  Surgical 
Jour  mil. 

"  The  appendix  is  rich  in  therapeutic  for- 
mulae— valuable  alike  to  the  general  practi- 
tioner and  specialist — so  that  this  is  the  one 
book  that  both  laryngologists,  etc.,  and  gen- 
eral practitioners  should  have." — Virginia 
Medical  Monthly. 

"The  physical  signs  of  disease  occupy  the 
most  prominent  place,  and  there  is  no  book  in 
which  they  can  be  better  studied,  since  their 
direct  connection  in  the  text  with  the  descrip- 
tion of  the  other  features  of  disease  is  calcu- 
lated to  give  the  student  a  more  complete 
picture  than  he  would  get  from  a  work  on 
physical  diagnosis  alone." — Northwestern  Lan- 
cet. 


Mackenzie,  Morell,  M.D.,  London. 

A  MANUAL  OF  DISEASES  OF  THROAT  AND  NOSE,  IN- 
CLUDING THE  PHARYNX,  LARYNX,  TRACHEA,  OESOPH- 
AGUS, NOSE,  AND  NASOPHARYNX.  Two  volumes  in  one, 
8vo,  840  pages,  muslin.     Price,  $4.00. 

Salter,  Henry  Hyde,  M.D., 

Fellow  of  the  Royal  College  of  Physicians;   Physician  to  Charing  Cross  Hospital,  and  Lecturer  on  the 
Principles  and  Practice  of  Medicine,  at  the  Charing  Cross  Hospital  Medical  School. 

ON  ASTHMA:  ITS  PATHOLOGY  AND  TREATMENT.  Sold 
only  by  subscription. 

See,  Germain, 

Member  of  the  Faculty  of  Medicine;    Member  of  the  Academy  of  Medicine;  Thvsician  to  the  Hotel 
Dieu,  etc.,  Paris. 

DISEASES  OF  THE  LUNGS,  OF  A  SPECIFIC,  NON-TUBER- 
CULOUS NATURE.  Acute  Bronchitis,  Infectious  Pneumonia, 
Gangrene,  Syphilis.  Cancer,  and  Hydatids  of  the  Lungs.  Translated 
by  E.  P.  Hurd,  M.D.,  Member  of  the  Massachusetts  Medical  So- 
ciety ;  Vice-President  of  the  Essex  North  District  Medical  Society  ; 
One  of  the  Physicians  to  the  Anna  Jaques  Hospital,  Newburyport, 
Mass.  With  an  Appendix  by  the  Translator  on  the  Germ  Theory 
of  Disease,  and  on  the  Tubercle  Bacillus.     Sold  by  subscription  only. 
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Semeleder,  Dr.  Frietirich, 

[■i;\    cian  ii linary  to  hi*  Majesty,  the  Emperor  of  Mexico  ;   Member  of  the  Royal  Modi  ' 

Vienna  and  of  the  Medical  Society  of  Pantheon  in  Pari    ;   Formerly  Meml  ]  aci  11  . 

of  i  in-  University  of  Vienna,  and  Surgeon  to  the  Branch  Ho  pital  at  Q pendorf 

RHINOSCOPY  AND  LARYNGOSCOPY:  THEIR  VALUE  IN 
PRACTICAL  MEDICINE.  Translated  from  the  German  by  Ed- 
ward T.  Caswell,  M.D.  With  woodcuts  and  two  chromo-litho- 
graphic  plates.     One   volume,    octavo,    191    pages,    muslin.     Price, 

$3-25- 
.  .  .  "  In  a  somewhat  careful  reading  of  this   of  the  prof essional  public  to  whom  it  comes." 
book,  we  have  Eound  much  that  is  of  practical    — New  York  Medical  Journal. 
value,  and  we  believe  this  will  be  the  verdict! 

Blyth,  A.  W.,  M.R.C.S. 

POISONS,  THEIR  EFFECTS  AND  DETECTION.  A  manual  for 
the  use  of  analytical  chemists  and  experts.  With  an  introductory 
essay  on  the  Growth  of  Modern  Toxicology.  Volume  I.,  with  tables 
and  illustrations.  Volume  II.,  with  tables  and  illustrations.  Sold 
by  subscription  only. 

Note. — For  other  works  treating  of  Toxicology,  see  "  Essentials  of  Chemistry  and  Toxicol- 
ogy," and  "  A  Guide  to  Urinalysis  ami  Toxicology  "  under  "  »  hemistry  "  page  5. 

BeMeld,  W.  T.,  M.D., 

Pathologist  to  the  Cook  County  l!n=p:tal ;  Surgeon  to  the  G-enito-TJrinary  T>epartment.  Centra]  1 
sary,  Chicago  :  Physician  to  the  <  lakwood  Eli  treat,  Geneva,  Wis. 

DISEASES  OF  THE  URINARY  AND  MALE  SEXUAL  ORGANS. 

Sold  by  subscription  only. 

Coulson,  W.  J.,  F.R.C.S. 

ON  THE  DISEASES  OF  THE  BLADDER  AND  PROSTATE 
GLAND.  Sixth  edition,  revised.  One  volume,  8vo,  393  pages, 
handsomely  illustrated.     Sold  by  subscription  only. 

Finger,  Dr.  Ernest, 

Decent  of  the  University  of  Vienna. 

BLENNORRHEA  OF  THE  SEXUAL  ORGANS  AND  ITS 
COMPLICATIONS  (GONORRHOEA).  Translated  from  the 
German,  and  reproduced  with  all  plates  and  other  illustrations. 
320  pages,  muslin.     Price,  $3.00. 

Fowler,  E.  P.,  M.D. 

SUPPRESSION  OF  URINE.  Clinical  Descriptions  and  Analysis  of 
Symptoms.      One  volume,  S6  pages,  illustrated,  muslin.    Price,  $1.50. 

Alex.  W.  Stein,  M.D., 

Surgeon  to  Charity  Hospital,  Qenito-TJrinary  and  Venereal  Division:  Professor  of  Visceral 
Anatomy  and  Physiology  at  the  New  York  College  of  Dentistry,  etc.,  etc. 

A  STUDY  OF  THE  TUMORS  OF  THE  BLADDER.  With 
Original  Contributions  and  Drawings.  One  volume,  octavo,  94 
pages,  muslin,  illustrated.      Price,  $1.50. 
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Benedikt,  Moriz, 

Professnr  at  Vienna. 

ANATOMICAL  STUDIES  UPON  BRAINS  OF  CRIMINALS. 
A  CONTRIBUTION  TO  ANTHROPOLOGY,  MEDICINE, 
JURISPRUDENCE,  AND  PSYCHOLOGY.  Translated  from 
the  German  by  E.  P.  Fowler,  M.D.,  New  York;  Department  of 
Translation,  New  York  Medico-Chirurgical  Society.  Illustrated  with 
wood-engravings.  One  volume,  8vo,  185  pages,  muslin.  Price. 
$1.50. 

"  It  is  strictly  scientinc  philanthropy,  and  !  lack  of  the  sentiment  of  wrong,  though  with 
reaches  to  the  scope  of  true  humanizing,  a  clear  perception  of  it,  constitute  the  two 
Comprehending  as  it  does  the  psychology  of  principal  psychological  characteristics  of  a 
our  existence,  it  lays  hold  on  facts  most  per-  \  class  to  which  belongs  more  than  one-half  of 
tinent  to  the  welfare  of  society,  individually  j  condemned  criminals. 

and  collectively.     In  fact,  it  opens  up  a  very        "Ho  shows  deficiencies  in  the  cerebral  con- 
broad  and  entirely  neglected  source  of  infinite  |  stitution  of  criminals,   viz.  :    deficient    gyrus 


study,  and  should  awaken  new  research  into 
mental  phenomena. 

"  Dr.  Benedikt  is  of  opinion  that  an  inabil- 
ity to  restrain  themselves  from  the  repetition 
of  a  crime,  notwithstanding  the  full  apprecia- 
tion of  the  superior  power  of  the  law,  and  a 


development,  and  a  consequent  excess  of  fis- 
sures, which  are  fundamental  defects.  These 
defects  are  evident  throughout  the  entire 
extent  of  the  brain.  The  work  is  of  great 
value." — Western  Ift'dicai  Reporter. 


Adams,  Francis,  LL.D.,  Surgeon. 

THE  GENUINE  WORKS  OF  HIPPOCRATES.  Translated  from 
the  Greek,  with  a  Preliminary  Discourse  and  Annotations.  8vo, 
766  pages,  gilt  top.      Price,  extra  muslin,  $5.00. 

Busey,  S.  C. 

CONGENITAL  OCCLUSION  AND  DILATATION  OF  LYMPH 
CHANNELS.     Octavo,  202  pages.      Price,  muslin,  $2.00. 


Code  of  Medical  Ethics 

ADOPTED  BY  THE  AMERICAN  MEDICAL  ASSOCIATION. 
Revised  to  date.      One  volume,  32tno,  39  pages,  muslin.      Price,  40c. 

Curtis,  Edward,  A.M.,  M.D. 

MANUAL  OF  GENERAL  MEDICINAL  TECHNOLOGY,  IN- 
CLUDING PRESCRIPTION  WRITING.  One  volume,  32mo, 
334  pages,  fine  muslin.  Price,  $1.00.  Wood's  Pocket  Manuals. 
New  edition  in  preparation. 


Hutchinson,  Jonathan,  F.R.S. 

THE    PEDIGREE    OF    DISEASE.     Being  six  Lectures  on  Tempera- 
ment, Idiosyncrasy  and    Diathesis.     Price,  in  extra  muslin,  $1.25. 


Index  Rerum. 

For  the  Use  of  Physicians  and  others.     See  page  37. 
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Mi.SC,  IllUllOtlX. 


Johnson,  Laurence,  A«M.,  M.D., 

Fellow  of  the  New  York  Academy  of  Medicine,  etc. 

A  MEDICAL  FORMULARY.     Sold  only  by  subscription. 

Kirby,  F.  0.,  M.D. 

A  TREATISE  ON  VETERINARY  MEDICINE.  As  Applied  to 
the  Diseases  and  Injuries  of  the  Horse.  One  volume,  332  pages. 
Illustrated.     Sold  by  subscription  only. 

Lewin,  L.,  Dr., 

Assistant  at  the  Pharmacological  Institute  of  the  University  of  r.erlin. 

THE  INCIDENTAL  EFFECTS  OF  DRUGS,  A  PHARMACO- 
LOGICAL AND  CLINICAL  HANDBOOK.  Translated  by 
W.  T.  Alexander,  M.D.  One  volume,  8vo,  239  pages,  muslin. 
Price,  $2.00. 

"  That  individuals  vary  in  their  susceptibil-  belonging  to  this  category  abound  in  the  mecl- 
ity  to  drugs,  and  that  idiosyncrasies  of  the  ical  periodicals  and  in  the  unwritten  experi- 
most  unexpected  character  reveal  themselves  ence  of  doctors,  but  Dr.  Lewin  is  the  first  to 
in  practice,  are  observations  of  very  ancient  make  a  book  by  collecting  and  classifying 
date.  So  startling  are  these  accidental  effects  these  data,  and  adding  to  them  his  own  obser- 
that  sometimes  their  cause  is  apt  to  escape  vations  sharpened  by  special  study.  He  de- 
detection.  Variations  in  the  phenomena  of  serves  credit  for  breaking  new  ground  in  the 
disease  are  not  more  common  than  variations  first  place,  and  in  the  second  for  annotating, 
in  the  action  of  drugs,  depending  largely,  like  with  admirable  judgment,  this  somewhat  neg- 
the  disease  phenomena,  on  the  acquired  or  in-  lected  branch  of  knowledge.'' — Louisville  Med- 
herited  peculiarities  of  the   patient.      Facts  ical  News. 

Lyman,  Henry  M.,  A.M.,  M  D., 

Professor  of  Physiology  and  Nervous  Diseases  in  Rush  Medical  College,  and  Professor  of  Theory  and 
Practice  of  Medicine  in  the  Women's  Medical  College,  Chicago,  111. 

ARTIFICIAL  ANAESTHESIA  AND  ANAESTHETICS.  Sold  only 
by  subscription. 

Page,  Herbert  W.,  M.A.,  M.C.  Cantab.,  F.R.C.S.  Eng. 

RAILWAY  INJURIES  :  WITH  SPECIAL  REFERENCE  TO 
THOSE  OF  THE  BACK  AND  NERVOUS  SYSTEM  IN 
THEIR  MEDICO-LEGAL  AND  CLINICAL  ASPECTS.  A 
complete  reprint  of  the  English  edition.    8vo,  145  pages.    Price,  $1.25. 

Pictures  for  Physicians'  Offices  and  Libraries. 

Edward  Jenner,  the  First  Inocu-  Prof.  Charcot's  Clinic  at  the  "  Salpt'- 
lation  of  Vaccine,  May  14,  1796.  triere  "     Hospital,     Before     the 

Andrew  Vesalius,  the  Anatomist.  Operation. 

Spoonful  Every  Hour.  The  Rebellious  Patient. 

The  Sick  Wife.  Study  in  Anatomy. 

Ambrose  Pare  Demonstrating  the  William  Harvey  Demonstrating  the 
Use  of  Ligatures.  Circulation  of  the  Blood. 

The  Young  Mother.  The  Anatomical  Lecture. 

The  Village  Doctor.  The  Accident. 

Size  of  each,  19x24  inches.  Price,  each  $1.00.  Catalogues  of  these 
pictures  free  on  application  ;  a  sheet  irxi4  containing  miniature  reproduc- 
tions of  them  will  be  sent  upon  receipt  of  four  cents. 
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Eoosa,  D.  B.  St,  John,  M.D., 

Professor  of  the  Diseases  of  the  Eye  and  Ear  in  the  University  of  New  York. 

A  VEST-POCKET  MEDICAL  LEXICON.  Being  a  Dictionary  of 
the  Words,  Terms,  and  Symbols  of  Medical  Science.  Collated  lrom 
the  best  authorities,  with  the  additions  of  words  not  before  intro- 
duced into  a  Lexicon.  With  an  Appendix.  Third  revised  and  en- 
larged edition.  One  volume,  641110.  Price,  roan,  75c,  or  lucks, 
$1.00. 


"  The  Lexicon  measures  three  and  one- 
fourth  inches  in  length,  by  two  and  three- 
e  ght'is  in  breadth,  and  is  three-fourths  of  an 
inch  thick.  The  whole  work  is  well  done." — 
New  York  Teacher. 

'■'■  This  is  the  smallest  of  books,  albeit  an  ex- 


tensive Lexicon.  As  its  title  implies,  it  can 
nestle  snugly  in  the  vest  pocket  To  any  one 
who  would  like  to  carry  about  his  person  a 
dictionary  of  medical  \vords  it  is  the  very 
thing." — Pacific  Medical  and  Surgical  Jour- 
nal. 


THE  OLD  HOSPITAL  AND  OTHER  PAPERS.  Being  the  second 
revised  and  enlarged  edition  of  "  A  Doctor's  Suggestions."  Gilt 
top,  uncut,  dark  olive  cloth.     Price,  $3.00. 


Ssguin,  E.,  M.D. 

MEDICAL    THERMOMETRY  AND   HUMAN    TEMPERATURE. 

One   volume,  8vo,  445    pa^es,   Illustrated    with    diagrams,  muslin. 
Price,  $3.50. 


Smart,  Chas.,  M.D  ,  Major  U.  S  A. 


*A  HANDBOOK  FOR  THE  HOSPITAL  CORPS  OF  THE 
UNITED  STATES  ARMY  AND  STATE  MILITARY 
FORCES.  By  Major  Charles  Smart,  U.  S.  A.  Nearly  600 
pages,  measuring  about  4x5  inches,  handsomely  bound  in  green 
leather,  with  a  metal  clasp.     Price,  per  copy,  $2.50. 

"It  gives  the  members  of  the  corps  clear  knowledge  on   the  pnrt  of  non-commissioned 

views  of  their  duties  at  posts  in  time  of  peace  officers  of  the  medical  corps  of  the  army,  than 

or  in  the  field  in  time  of  war,  and    prepares  have  heretofore  been  required.    .     .      .In  the 

them  to  treat  with  intelligence  the  various  ac-  volume   before  us  these  deficiencies  are  fully 

cidents  that  may  occur  in   military  or   civil  and   intelligently  met." — New     York*   Medical 

life.     .     .     .     It  can  be  appreciated  by  the  or-  Journal. 

dinary  reader  although  he  may  not  be  a  mem-        "  The  hospital  corps  of  our  military  organi- 

ber  of  the  Hospital  Corps." — Army  and  Navy  zations   will  owe  a   debt  of  gratitude  to  -Dr. 

Register.  Smart  for  this   valuable  little   handbook." — 

"  This  book  is  the  outcome  of  the  necessity  Army  and  Navy  Journal. 
of  a  higher   intelligence  and   more   extended 


Sternberg,  G.  M.,  M.D. 

MALARIA  AND  MALARIAL  DISEASES.  One  volume,  8vo,  332 
pages.  Muslin  binding.  Sold  by  subscription  only.  See  second 
page  of  cover. 
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Tidy,  Charles  Meymott,  M.D.,  F.C.S., 

Master  of  Surgery,  Professor  of  Chemistry  nnd  of  Forensic  Medicine  and  I'm..  >  i  al  the  Loudon 
Hospital,  Medical  Officer  of  Health  for  [sllngton  ;  late  Deputy  Medical  Officer  of  Health  and  Public 
Analyst  lor  the  City  of  London,  etc. 

LEGAL  MEDICINE.  Volume  I.  With  two  colored  plates.  Con- 
tents :  Evidence — The  Signs  of  Death — Identity — The  Causes  of 
Death — The  Post-mortem. 

LEGAL  MEDICINE.  Volume  II.  Contents  :  Expectation  of  Life— 
Presumption  of  Death  and  Survivorship — Heat  and  Cold — Burns — 
Ligaturing  —  Explosives  —  Starvation —  Sex  —  Monstrosities —  Her- 
maphrodism. 

LEGAL  MEDICINE.  Volume  III.  Contents:  Legitimacy  and  Pa- 
ternity—  Pregnancy — Abortion — Rape,  Indecent  Exposure — Sod- 
omy, Bestiality — Live  Birth,  Infanticide — Asphyxia,  Drowning — 
Hanging,  Strangulation — Suffocation.      Sold   by   subscription    only. 


Visiting  List  (Medical  Record),  or  Physician's  Diary, 

Containing  all  the  valuable  features  of  previous  publications  of  this  sort. 

Prices:  For  thirty  patients  a  week,  handsome  red  or  black  leaiher 

binding,  with  or  without  dates,  $'.25;  for  sixty  patients  a  week,  same 

style,  with  or  without  dates,  $1.50. 
Removable,  fitting  into  black  seahkin  and  calf  wallets,  from  $2.50  to 

$4.00.     Send  for  a  circular. 
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MEDICAL   RECORD. 

A.   Weekly   Journal    of   Medicine    and    Surgery. 

Edited  by  GEORGE  F.  SHRADY,  A.M.,  M.D. 

Price,  $5.00  a  Year. 

The  Medical  Record  has  for  years  been  the  leading  organ  of  the  medical  profession  in  America, 
and  has  gained  a  world-wide  reputation  as  the  recognized  medium  of  intercommunication  between  the 
proression  throughout  the  world.  It  is  intended  to  be  in  every  respect  a  medical  newspaper,  and  contains 
among  its  Original  Articles  many  of  the  most  important  contributions  to  medical  literature.  The 
busy  practitioner  will  find  among  the  Therapeutic  Mints  and  in  the  Clinical  Department  a  large 
fund  of  practical  matter,  carefully  condensed  and  exceedingly  interesting.  Medical  News  from  all 
parts  of  the  world  is  supplied  through  special  correspondents,  by  mail  and  telegraph  ;  New  Publica= 
tions  and  Inventions  are  reviewed  and  described  ;  and  in  the  Editorial  Department  matters  of 
current  interest  are  discussed  in  a  manner  which  has  established  the  Medical  Record  in  the  estima- 
tion of  the  whole  profession  as  a  thoroughly  independent  journal  and  the  most  influential  publication 
of  its  class. 


The  American  Journal  of  Obstetrics 

AND  DISEASES  OF  WOMEN  AND  CHILDREN. 
Price,  $5.00  a  Year  (Issued  Monthly). 

This  journal,  while,  in  a  broad  sense,  special,  gives  particular  attention  to  branches  which,  more  than 
all  others,  go  to  form  the  everyday  experience  of  the  general  practitioner.  Its  scope  of  usefulness  is 
therefore  very  wide. 

The  original  articles  appearing  in  its  pages  are  selected  with  a  view  to  their  practical  value  and 
general  interest,  and  include  many  contributions  from  writers  of  wide  celebrity  and  established  reputation. 

The  Journal  is  not  the  organ  of  any  society,  being  entirely  independent,  and  consequently  free  to 
select  for  publication  only  such  matter  as  will  be  most  useful  to  its  subscribers. 

Society  Proceedings,  Boo'k  Reviews,  and  Abstracts  of  current  literature  in  its  scope  are  carefully 
prepared  features  which  aid  to  the  completeness  of  the  Journal. 

In  order  to  add  to  its  usefulness  and  attractiveness,  special  attention  is  given  to  the  matter  of  illustra- 
tions, and  all  articles  admitting  of  it  are  copiously  illustrated  by  every  available  means. 

Lithographic  and  other  plates  are  frequently  introduced,  and  add  immensely  to  the  usefulness  and 
beauty  of  the  Journal.  In  fact,  the  Journal  is  presented  in  a  form  of  typographical  excellence  unequalled 
by  any  other  medical  journal. 

A  specimen  copy  will  be  sent  free,  if  desired. 


PRICES  AND  GLtfB  RATES: 
Medical  Record  (Weekly),  =        =        =        =        =        $5.00  a  year. 

American  Journal  of  Obstetrics  (Monthly),     =        =  5.00  a  year. 

And  when  mailed  to  the  same  address  and  paid  for  according  to  our  terms  : 

Medical  Record  and  Journal  of  Obstetrics,      -        -        $9.00  a  year. 

At  the  above   low  rates  only  when   paid   in    advance   to   William   Wood   &  Company   or 
their  Agents,   NOT  the  Trade. 


WILLIAM  WOOD  #  COMPANY,  43,  45  &  47  East  10th  Street,  New  York. 
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MEDICAL  AND  SURGICAL 
MONOGRAPHS. 
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Original  Treatises,  and  of  Complete  Reproductions,  in 
English,  of  Books  and  Monographs  selected 
from  the  latest  literature  of  foreign 
countries,  with  all  illustra- 
tions, etc. 


In  typographical  excellence,  paper,  and  binding,  these  vol- 
umes are  examples  of  the  highest  class,  and  present  novel  and 
attractive  features  never  before  introduced  into  medical  literature. 

It  has  been  the  endeavor  of  careful  and  discriminating  Editors 
to  select  from  the  very  numerous  original  manuscripts  offered  to 
the  house,  and  the  great  number  of  monographs  constantly  appear- 
ing abroad,  such  as,  from  the  timeliness  of  their  subjects,  the  stand- 
ing of  their  authors,  as  well  as  the  excellence  of  their  matter,  insure 
their  value  and  interest  to  the  greatest  number  of  readers. 

It  is  believed  that  the  more  intimate  acquaintance  which  the 
general  practitioner  will,  by  this  means,  be  able  to  gain  with  the 
work  of  his  contemporaries  will  tend  not  only  to  keep  him  more 
closely  abreast  with  the  general  progress  of  science,  but  afford  him 
an  insight  into  many  of  the  details  of  scientific  investigation,  which 
at  present  comes  to  him  only  as  an  abstract,  filtered,  perhaps, 
through  a  mind  in  little  sympathy  with  him  or  his  work,  and  often 
affording  enough  only  to  interest  and  disappoint  him  from  his 
inability  to  read  the  original  and  draw  his  own  conclusions. 

Wood's  Medical  and  Surgical  Monographs  are  bound  in  mus- 
lin, sheep,  and  half  morocco. 

The  subscription  price  is,  in  muslin  binding,  $3.00  a  volume  ; 
sheep,  $4.00  a  volume  ;  half  morocco,  $5.00  a  volume,  payable  on 
delivery. 

A  complete  list  of  the  Monographs  is  ready,  and  will  be  sent 
to  any  address  on  application. 
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OF   THE 

MEDICAL  SCIENCES. 


NINE   SPLENDID    IMPERIAL   OCTAVO   VOLUMES,  THOROUGHLY 
WELL    ILLUSTRATED. 

THE  pages  are  of  large  size,  printed  in  double  columns,  and  the  type  as  small  a  i  i  an  bt   ri  ad  com- 
fortably l>v  a  person  of  ordinarily  good  eyesight. 
It  will  be  seen  that  the  volumes  admitted  of  the  introduction  of  an  enormous  amount  oi 
reading  matter,  each  page  carrying  by  actual  count  as  many  words  as  an-  found  upon  three  ordinary 
full  octavo  pages,  the  set  thus  equalling  the 

CONTENTS   OF   TWENTY   OR    MORE   VOLUMES   OF   THE    USUAL 

OCTAVO    SIZE, 

ami  all  of  s<>  pi  at  lira  1  a  nature  that  tin-  cut  ire  work  is  literally  a  ha  ml  hook  for  tht    d  tant  ref- 

erence of  the  Professional  Man — a  book  which  no  physician,  whose  time  is  worth  anything  at  all, 
can  afford  to  be  without. 

//  should  a/so  be  noted  that  the  concise,  definite,  terse  style  of  composition  compulsot  y  upon 
contributors  to  this  work,  immeasurably  increases  its  value,  both  in  the  saving  >>/  the  busy  man's 
time,  and  also  in  the  largely  increased  amount  of  matter  thus  made  possible  in  the  given  space. 

Large  treatises  on  the  Practice  of  Medicine  and  Surgery,  and  on  other  brant  hes  ol  medii  al  knowl- 
edge, have  their  appropriate  and  necessary  place  for  long,  deliberate,  and  patient  study;  hut  this 
REFERENCE  HANDBOOK  is  designed  to  furnish  not  only  THOROUGH  AND  EXHAUSTIVE 
INFORMATION,  but  to  be  a  constant  daily  companion  and  ready  reference  on 

ALL   BRANCHES   OF   MEDICINE   AND   THE   COLLATERAL   SCIENCES. 

A  large  part  of  the  material  contained  in  this  HANDBOOK  is  original  work,  and,  upon  some 
subjects,  the  information  now  to  be  presented  has  heretofore  been  inaccessible,  by  reason  of  its  being 
si  altered  through  governmental  and  other  manuscript  records  and  archives. 

The  expense  incurred  in  the  preparation  of  the  Handbook  of  Reference  is,  from  this  and  other 
causes,  very  large,  and  could  only  be  warranted  by  the  probability  oi  an  extensive  sale  of  the  work. 
The  publishers  feel  confident,  from  the  generous  support  heretofore  accorded  their  publications,  that 
foi  this  great  work,  exceeding  in  value,  as  they  consider,  anything  in  medicine  as  yet  published  or 
announced,  a  sale  commensurate  with  its  importance  may  confidently  he  expected. 

PRICES   AT   WHICH    THIS   WORK    IS   SOLD: 
In  extra  English  muslin  binding,  .....  Per  volume,  $6.00 

In  fine  leather,  raised  bands,     .......  7.00 

In  extra  Turkey  morocco,  English  cloth  sides,  ....  8.00 

Delivered  at  any  Regular  Express  Co.'s  Office  in  the  /'.  S.  at  the  ahove  pi  i,  e. 
(Local  or  stage  charges  only  to  be  paid  by  subscriber. ) 
$S*The  Publishers  respectfully  give  notice  to  the  Medical  Profession  that  this  work  cannot  be 
sold  by  them  at  less  than  the  prices  printed  above,  and  consequently  it  will  not  be  supplied  by  the 
trade,  nor  will  the  volumes  be  sold  separately. 

*S*"From  trustworthy  subscribers,  payment  upon  the  instalment  plan  will  be  accepted. *=©& 


ANNOUNCEMENT. 


Medical  Science  having,  in  some  few  of  its  departments,  made  an  appreciable  advance  since  the 
appearance  of  the  last  volume  of  the 

REFERENCE    HANDBOOK   OF   THE    MEDICAL   SCIENCES, 

the  publishers  have  just  issued  a  supplementary  volume,  in  order  to  make  this  superb  work  complete 
to  date  in  every  particular,  and  to  enable  it  for  many  years  to  come  to  maintain  its  position  as  unques- 
tionably the  best  compendium  of  medical  knowledge  ever  published.     This 

SUPPLEMENTARY   VOLUME 

contains  everything  necessary  to  make  the  work  as  absolutely  complete  as  human  knowledge  and  skill 
can  accomplish. 

In  accordance  with  this  intention  of  the  publishers,  the  editor  was  requested,  some  months  ago,  to 
take  whatever  steps  might  be  necessary  for  the  preparation  of  such  a  volume,  which  should  contain  a 
series  of  articles  fully  setting  forth  the  newer  views  adopted,  and  facts  ascertained,  since  the  time  re- 
ferred to  above. 

After  a  liberal  allowance  of  space  for  partly  revisional  and  partly  supplementary  articles,  it  was 
found  that  there  would  he  enough  room  left  in  the  volume  for  some  entirely  new  ones  on  topics  which 
had,  for  valid  reasons  of  one  kind  or  another,  been  omitted  from  the  original  work. 

A    LONG    LIST   OF   NEW   REMEDIES 

has  also  received  proper  consideration. 

The  Supplement  to  the  REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES  now 
consists  of  one  imperial  octavo  volume,  fully  and  beautifully  illustrated,  and  uniform  in  make-up  and 
appearance  with  the  other  eight  volumes  of  the  set. 

BOUND  IN  CLOTH,  LEATHER,  AND   HALF   MOROCCO,  AT  $6.00,  $7.00,  AND  $8.00. 


SPECIALTIES  IN  THE 

PRACTICE  OF  MEDICINE. 


The  activity  during  the  past  ten  years  in  the  publication  of  works  upon  general  medicine  and  surgery 
has  been  very  great,  and  many  most  valuable  books  have  been  issued — works  which  will  for  many  years 
to  come  maintain  their  positions  as  acknowledged  authorities  upon  the  subjects  of  which  they  treat. 
Especially  notable  among  these  are  such  exhaustive  works  as  "The  Reference  Hand-Book  of  the 
Medical  Sciences,"  and  "The  International  Encyclopaedia  of  Surgery,' both  of  which,  revised 
from  time  to  time,  are  to  be  kept  fully  abreast  with  the  most  recent  investigations. 

No  attempt,  however,  has  heretofore  been  made  to  furnish  the  practitioners  of  America  with  a  series 
of  books  complete  in  textual  contents,  and  by  authoritative  authors,  upon  all  the 

SPECIALTIES  IN  THE  PRACTICE  OF  MEDICINE, 

In  the  more  restricted  fields  of  medical  practice  no  publications  have  met  with  such  favor  at  the  hands 
of  the  profession  as  the  Encyclopedia  of  Obstetrics  and  Gyn/ECOlogy,  and  the  superb  Atlas  of 
Venereal  and  Skin  Diseases,  edited  by  Dr.  Morrow. 

The  markedly  favorable  reception  accorded  by  the  medical  profession  to  the  above  "Special  Works  " 
— the  initial  in  a  new  series  of  publications- — has  been  a  source  of  gratification  to  the  publishers,  and  lead* 
them  now  to  make  formal  announcement  of  their  forthcoming  enterprise. 

Four  Royal  Octavo  Volumes  of  from  Six  to  Eight  Hundred  Pages  each, 
Magnificently  Illustrated,  have  been  already  provided, 

TITLES    AND    AUTHORS    AS    FOLLOWS: 

Volume  One. 

OPHTHALMOLOGY     AND     OPHTHALMOSCOPY.       By   Dr.    Herman 
Schmidt-Rimpler  and  D.   B.   ST.   JOHN    ROOSA,   M.D. 

Volume  Two. 

DISEASES  OF  THE  NOSE  AND  NASO=PHARYNX.     By  Dr.  Francke 

H.     BOSWORTH. 

Volume  Three. 

A     TREATISE     ON     ORTHOPEDIC     SURGERY.        By    Edward     H. 
Bradford,  M.D. 

Volume  Four. 

DISEASES    OF    THE    LOWER    PHARYNX,    THE    LARYNX,    AND 
THE    FAUCES.      By  Dr.   Francke   H.   Bosworth. 

Send  for  Prospectus  and  Analytical  Table  of  Contents. 


NOW     READY. 


morrow's  atlas  of  venereal 
and  Skin  Diseases. 

This  superb  publication  is  now  complete,  and  may  fairly  be  said  to  be  the  best 
work  of  the  kind  ever  published.  It  consists  of  seventy-five  superb  chromo-litho- 
graphic  plates,  remarkable  for  their  accurate  and  lifelike  delineation  of  disease,  and 
three  hundred  and  thirteen  pages  of  text,  whose  value  is  sufficiently  attested  by  the 
name  of  the  author.  The  first  seven  fasciculi  treat  of  Venereal,  and  the  remaining 
eight  of  Skin  Diseases.  The  price  of  the  Atlas  is  $30.00 ;  being  at  the  rate  of  $2.00 
per  part.     One  volume,  bound  in  half  morocco.     Price,  $35.00. 

SEND  FOR  PROSPECTUS. 
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ZIEMSSEN'S   CYCLOP/EDiA 

OF   THE 

PRACTICE  OF   MEDICINE 

This  great  work,  the  most  full  and  c plete  treatise  upon  the  prai  ticeol  medicine  in  any  language, 

is  now  completed.  It  is  a  standard  which  will  long  maintain  its  place  as  the  great  storehouse  oi 
medical  knowledge. 

In  now  closing  the  record  of  the  publication  of  this  great  work,  the  Publishers  desire  again  to 
call  attention  to  the  great  difference  in  the  amount  of  matter  promised  by  them  to  the  subscribers 
and  the  amount  that  has  actually  been  given  to  them. 

I*roniisc<l,   per  volume,  500  to  700.  .t  \rr;ii:<-  of  Coo. 

(Volume  i=    724  pages.        Volume  7=1,060  pages.        Volume  1  .  -    987  pa 
"        2=    763      "  "        8=    949       "  "        14=    on 

3=    684      "  "        9  =    956      "  "        15=    808       " 

\  "        4=    824      "  "      10=    583      '*  "        16=1,071       " 

I  "         5=     726       "  "        11=     636       "  "  17=     982        " 

V  "  6=1,038  "  "  12=       914  "  . 

Total  number  of  pages  already  received  by  Subscriber,        .....         14,696 
"  "        "       "      as  promised 'by  Publishers, 10,200 

Given  to  Subscribers  above  their  expectations,        .       .        4,490  pages 

or  the  equivalent  e-f  -])$  volumes  ('//rem  600  to  700 pages  eat  h.  To  the  above  is  now  to  be  added  still 
another  extra  volume — viz.:   Diseases  of  the  Skin. 


CONTENTS: 


Vol.  1.— 
"    2. 
"    3- 
"    4- 
"    5- 


Acute  Infectious  Diseases.     Tart  1. 
Acute  Infectious  Diseases.     1'art  2. 
Chronic  Infectious  Diseases. 
Diseases  of  the  Respiratory  Organs.  Part  1. 
Diseases  of  the  Respiratory  ( )rgans.    Part  2. 
Diseases  of  the  Circulatory  Organs. 
Diseases  of  the  Chylopoetic  System.    Part  1. 
Diseases  of  the  Chylopoetic  S\  stem.  Part  2. 
Diseases  of  the  Liver  and  Portal  Vein. 
Diseases  of  the  Female  Sexual  Organs. 
Diseases  of  the  Peripheral  Cerebro-Spinal 
Nerves. 


Vol.  12.  — Diseases  of  the  Brain  and  its  Membranes. 
'  13. — Diseases  of  the  Spina!  Cord  and  Medulla 
( )blongat.i. 

"  14. —  Diseases  of  the  Nervous  System  and  Dis- 
turbances of  Speech. 

"     15. — Diseases  of  the  Kidney. 

"  16.  —  Diseases  of  the  Locomotive  Apparatus  and 
General  Anomalies  of  Nutrition. 

"    17. — General  Anomalies  of  Nutrition  and  Poison. 

"     18. —  Hygiene  and  Public  Health.      Part  1. 

"     19.  —  Hygiene  and   Public  Henllh.      Part  ?. 

"    20.  —  General  Index  to  the  Whole  Cyclopaedia. 


ZIEMSSEN'S  HANDBOOK  OF   THE  DISEASES   OF  THE  SKIN. 
PEABODY'S  SUPPLEMENT  TO  ZIEMSSEN'S  CYCLOPEDIA. 

More  than  two  hundred  representative  men  have  been  engaged  upon  this  enterprise. 

For  Full  List  of  Authors  and  Titles  of  Chapters  please  send  to  the  Publishers  for  Catalogues. 

Price  per  Volume,  Cloth,  $5.00;  Leather,  $6.00;  Half  Morocco,  $7.50. 

SPECIAL  TERMS. 

Now  that  this  great  work  is   completed,  the  set  will  be  sent   in   full,  to  parties  of 
approved  credit,  and  liberal  terms  of  payment  as  to  time  allowed. 

WILLIAM  WOOD  &  COMPANY,  Publishers, 

Correspondence  invited.  43,  45  and  47  East  Tenth  Street,  New  York. 

GENERAL  INDEX  TO  ZIEMSSEN'S  CYCLOPEDIA 

Nine  Hundred  and  Ninety-Eight  Columns  of  References  to 

Diseases— Their  Complications  and  Remedies. 

It  has  long  been  felt  by  subscribers  to  this  publication  that  a  full  and  complete  Index  in  one 
volume  for  the  entire  work  is  a  necessity  ;  in  fact,  it  is  almost  impossible  to  avail  one's  self  of  the 
treasures  of  this  great  store-house  of  medical  knowledge  without  such  assistance.  The  publishers, 
recognizing  this,  have,  during  the  past  two  years,  employed  several  competent  gentlemen,  under  the 
supervision  of  the  able  editor  of  the  work,  Dr.  Buck,  to  prepare  a  complete  and  thorough  Index 
which  should  cover  every  point  of  possible  interest  in  the  cyclopaedia  ;  wholly  independent  of.  and 
based  upon  a  different  system  from  the  indices  of  the  several  volumes.  The  result  has  astonished 
even  those  best  acquainted  with  Ziemssen's  Cyclopaedia — its  richness  as  a  great  and  standard  work 
of  reference  has  been  brought  out  in  the  clearest  manner. 

No  one  possessing  the  work  can  at  all  afford  to  be  without  the  General  Index. 

It  will  also  be  apparent  that  this  Indexical  volume  furnishes,  directly,  the  largest  amount  of 
suggestive  information  in  regard  to  Diseases,  and  their  complications,  and  indirectly  to  Remedies — 
their  uses,  their  actions,  and  their  effects — obtainable  from  any  one  source— or  any  one  volume  ever 
published. 

IN  THIS  RESPECT  IT  STANDS  UNIQUE  AND  ALONE. 
PRICES: 

The  Index  is  bound  to  match  the  various  bindings  of  Ziemssen's  Cyclopaedia,  and  is  sold  at  the 
same  price,  viz.: 

In  Muslin  Binding,  !•••••         85-00 

In  Leather  Binding,         ......  6.00 

In  Half  Morocco, 7.50 
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COMPACT,  CONCISE.  CON  VBN I  EN V. 

An   Index  of  /the   Practice  of  Medicine. 

By  WESLEY  M.  CARPENTER,  M.D. 

In  the  preface,  acknowledgment  of  indebtedness  is  made  to  the  following,  viz  :  Flint,  Loomis, 
Delafield,  Clarke,  Bristowe,  Bartholow,  Ingals,  Roberts,  Miller,  Janeway,  Sands,  Thomas,  Cohen, 
Hartshorne,  Jacobi,  Smith,  Wilson,  Aitkin,  Frerichs,  Wagner,  Rosenthal,  Seguin.  Hamilton,  Hammond, 
Writers  in  Ziemssen's  Cyclopaedia,  Reynolds'  System  of  Medicine,  and  various  Medical  Journals. 

Diseases  are  treated  ol  briefly  under  the  following  heads,  viz  :  Synonyms,  Definition-,  Ktiology, 
Symptoms,  Physical  Signs,  Differential  Diagnosis,  Complications,  Sequelae,  Treatment,  Suggestions, 
Prescriptions. 

'"  Superb."1  .  .  .  "  Gives  in  condensed  style  the  essential  facts,  gathered  from  a  wide  field  of 
study  and  observation."  "  Model  of  condensation — An  Epitome  of  Medical  Practice — Elegantly  pre- 
pared." 

Price,   $2.50  net.     No  discount  from  the  ahove  for  any  number  of  copies. 

THE   MEDICAL   RECORD  VISITING   LIST. 

Price,  30  Patients,  $1.25;  60  Patients,  $1.50;  Annual  or  Perpetual. 

"  Kveryone  who  has  used  it  speaks  loudly  in  its  praise." 
"  I'his  List  has  become  a  prime  favorite." 

"  Handsomest  publication  of  this  kind  that  has  been  issued.'1 

"  Printed  on  fine  paper — gilt  edges— bound  in  superior  morocco — in  appearance  equal  to  the  finest 
pocket-book." 

"'  Difficult  to  stipp'y  anything  more  elegant  or  useful." 

A    SHEET    CONTAINING 

FIFTEEN    HELIOTYPE    REPRODUCTIONS 

IN    MINIATURE    OF 

Pictures  for  Physicians'  Offices 

'Will    be    sent    to    any    address    on    receipt    of  Four    Cents   in    Stam])S. 

BOCK'S    ATLAS    OF    HUMAN    ANATOMY. 

ACCliPI'KD  AS  STANDARD   BY 
French,  Russian,  English,  and  American  Authorities.', 

INVALUABLE — to  Student,  Instructor,  Demonstrator,  Preceptor,  and  the  Surgeon  who  wishes 
quickly  to  refresh  his  memory  before  operating. 

A  SUPERIOR  RESULT— at  a  minimum  cost  :  38  superbly  Colored  Plates.  362  Anatomical 
Figures. 

BOUND  COPIES— Plates  Hinged  on  I-inen  Guards,  only  $15.00. 

A    TREATISE     ON 

HYGIENE    AND    PUBLIC    HEALTH. 

By  various  Authors.     Edited  by  ALBERT  H.   BUCK,  M.D.,  New  York. 
In  two  Royal  Octavo  Volumes,  Illustrated. 

Price,   per    Volume,    Muslin,    $5.00;   Leather,    $6.00;     Half    Morocco,    $7.50. 

fc^°"  The  study  of  Hygiene  and  Public  Health  has,  more  particularly  of  late  years,  become  an  abso- 
lute necessity  to  the  medical  practitioner.  The  prevention  of  disease  is  not  only  recognized  as  more  im- 
portant than  its  cur-,  but  with  the  light  of  recent  study  and  research  has  become  oftentimes  even  more 
tasilv  possible.      Intelligent  people  evervwhere  are  alive  to  its  importance. 

AUTHORS  : -John  S.  Billings.  M.D.;  Abraham  Jacobi,  M.D.:  James  Tvsm,  M.D.;  William 
Ripley  Nichols;  A.  Brayton  Hall,  M.D,;  Arthur  Van  Harlingen.  M.D.;  D.  F.  Lincoln,  M.D.;  William 
H.  Ford,  M  D.;  Francis  H.  Brown,  M.D.;  Roger  S.  Tracy,  M.D.;  Charles  Smart,  M.H.,  CM. 
Thomas  T-  Turner.  M.D.;  Henry  C.  Sheafer  ;  Rossiter  W.  Raymond.  Ph.D.;  Thos.  B.  Curtis,  M.D. 
Stephen  P.  Sharpies  ;  Roger  S.  Tracy,  M.D,;  S.  Oakley  Vander  Poel,  M.D  :  S.  S.  Hernck,  M.D. 
Allan  McL.  Hamilton,  M.D.;  Bache  McF.  Emmet,  M.D.;  Frederick  R.  Sturgis,  M.D.;  Elwyn 
Waller.   Ph.D. 

WOOD'S     INDEX     RERUM. 

THF  FINEST  ARRANGEMENT  VET  DFVTSF.D  FOR  ALL 
READY    RECORD    AND     REFERENCE     PURPOSES, 

For  Professional   use  in   recording  your  cases,   or  in  grouping  your  cases  from 

your   Case  Books. 

Patent  Index.     Vowel  Arrangement. 
BOUND  FOR  PERMANENCY  IN  LEDGER  BINDING.     PRICE,   $5.00. 

tr??"For  Circulars,  free  by  mail,  of  any  of  the  above  works,   send  to 
the  Publishers. 
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REVISED    EDITION. 


THE 


INTERNATIONAL   ENCYCLOPAEDIA 

SURGERY. 


•"■•"■■■>«> .i:":''"'  '^~i.  -         '  :    :         .  ■,.        ■    ■  - 

CONTENTS    OK  THE    VOLUMES: 

VOL.  /.-GENERAL  SURGERY.     OPERATIVE    MINOR,  AND  PLASTIC   SURGERY.     AMPUTATIONS. 
VOL.  //.-INJURIES  AND  DISEASES   WHICH    MAY    OCCUR    IN  ANY  PART  OF  THE  BODY.     VENEREAL 

DISEASES.    INJURIES  AND  DISEASES  OF  VARIOUS  TISSUES  OF  THE  BODY. 
VOL.  JIT.-INJURIES  AND  DISEASES  OF  THE  NERVES,  BLOOD-VESSELS,  AND   BONES. 
VOL.  IV. -INJURIES   AND   DISEASES  OF  THE  JOINTS.     EXCISIONS  AND  RESECTIONS.     TREATMENT 

OF  DEFORMITIES.    INJURIES  AND  DISEASES  OF  VARIOUS  REGIONS  OF  THE  BODY. 
VOL.   V.— REGIONAL  SURGERY  CONTINUED. 
VOL.   FT.— REGIONAL    SURGERY    CONCLUDED.      HISTORY    OF    SURGERY.       APPENDIX.       GENERAL 

INDEX  TO  THE  WHOLE  SIX  VOLUMES. 


A  Supplementary  Volume  will  shortly  be  issued. 


PRICES 


In  extra  muslin  binding,  per  volume, 

In  fine  leather,  raised  bands,  per  volume, 

In  half  morocco,  marbled  edges,  per  volume, 


$6  OO 
7.00 
8.00 


SEND  FOR  ILLUSTRATED  ANNOUNCEMENT  (FREE). 
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The  most  Comprehensive  and  Valuable  Publication  on  the  Subject. 


Price  of  the  Set  of  12  Volumes,  $18.00. 
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YCLOP/EDIA   OF 


£..<k$kh% 


YNECOLOGY 


Twelve  Volumes 

Elegantly   Bound 
Profusely  Illustrated 

Colored    Plates 
Lithographs  in  Tints 
Two  Thousand   Fine 


Wood   Engravings 
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|  SEND  FOR  PROSPECTUS  ft 


NOW  BEING   PUBLISHED. 


A  SYSTEM 

OF 

MEDICAL 


JURISPRUDENCE 


AND 


TOXICOLOGY. 


R.  A.  WITTHAUS,  A.M.,  M.D., 

Professor  of  Chemistry,  Physics,  and  Hygiene  in  the  University  of  the  City  of  Neiu  York,  etc.,  etc., 

AND 

TRACY  C.  BECKER,  A.B.,  LL.B., 

Professor  of  Criminal  Laiv  and  Medical  Jurisprudence  in  the  University  of  Buffalo. 

WITH   THE    COLLABORATIOX   OF 

August  Becker,  Esq.,  Hon.  Goodwin  Brown, 

W.  N.  Bullard,  M.D.,  J.  C.  Cameron,  M.D., 

J.  Clifton  Edgar,  M.D.,  E.  D.  Fisher,  M.D., 

D.  S.  Lamb,  M.D.,  H.  P.  Loomis,  M.D.. 
W.  B.  Outten,  M.D.,  Roswell  Park,   M.D., 
W.m.  A.  Poste,  Esq.,  Irving  C.  Rosse,  M.D., 
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